Elucidating The Mechanism Of Phenylpropanoid Regulation By The Arabidopsis Mediator Complex by Zeng, Wenjie
Purdue University
Purdue e-Pubs
Open Access Theses Theses and Dissertations
Fall 2014
Elucidating The Mechanism Of Phenylpropanoid
Regulation By The Arabidopsis Mediator Complex
Wenjie Zeng
Purdue University
Follow this and additional works at: https://docs.lib.purdue.edu/open_access_theses
Part of the Chemistry Commons
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Recommended Citation
Zeng, Wenjie, "Elucidating The Mechanism Of Phenylpropanoid Regulation By The Arabidopsis Mediator Complex" (2014). Open
Access Theses. 400.
https://docs.lib.purdue.edu/open_access_theses/400









For the degree of   
Is approved by the final examining committee: 
  
 
Approved by Major Professor(s): ____________________________________ 
        ____________________________________ 
 Approved by:
Head of the Department Graduate Program    Date
Wenjie Zeng
              









To the best of my knowledge and as understood by the student in the Thesis/Dissertation Agreement, 
Publication Delay, and Certification/Disclaimer (Graduate School Form 32), this thesis/dissertation  




ELUCIDATING THE MECHANISM OF PHENYLPROPANOID REGULATION BY  
THE ARABIDOPSIS MEDIATOR COMPLEX 
 
A Thesis 






In Partial Fulfillment of the  
Requirements for the Degree  
of  











 This thesis is dedicated to my family who have supported and been there 
for me through the good times and the bad. Also, I would like to extend my 
thanks to my advisor, Clint Chapple, as well as my committee members, Scott 
Briggs, Joe Kappock and Maureen McCann for their guidance, advice and 
wisdom. And last but not least, I would like to thank the entire Purdue 
Department of Biochemistry and their faculty and students for sharing their 
opportunities and knowledge with me in these last couple of years. 
iii 
 
TABLE OF CONTENTS 
             Page 
LIST OF TABLES…………………………………………………………………….....v 
LIST OF FIGURES……………………………………………………………………..vi 
LIST OF ABBREVIATIONS…………………………………………………………...vii 
ABSTRACT…………………………………………………………………………….viii 
CHAPTER 1. PURIFICATION OF ARABIDOPSIS MEDIATOR 
1.1 Introduction 
 
1.1.1 The phenylpropanoid pathway…………………………………1 
 
1.1.2 The Mediator Complex………………………………………....3 
 
1.1.3 Utilizing LC-MS as a method to characterize Mediator  
functions in phenylpropanoid metabolism…………………….5 
1.2 Results 
 
1.2.1 Mediator can be partially purified using ion exchange  
chromatography…………………………………………………8 
 
1.2.2 LC-MS analysis on cation-exchange fraction  
Identifies three plant-specific subunits………………………..9 
 




  Page 
1.3 Discussion………………………………………………………………10 
 
1.4 Materials and Methods………………………………………………..20 
 
CHAPTER 2. IDENTIFICATION AND EVALUATION OF PUTATIVE  
ATMED5 INTERACTORS USING YEAST TWO-HYBRID 
2.1 Introduction 
 2.1.1 Protein complexes……………………………………………..26 
2.1.2 Yeast two-hybrid as a method to detect transient  protein  
protein interactions…………………………………………….27   
 2.2 Results 
 2.2.1 Evaluation of previously identified putative interactors  
against full length MED5 baits…………………....................28 
 2.2.2 Identification and evaluation of putative interactors using full- 
length MED5 baits……………………………………………..29 
2.2.3 Soluble phenylpropanoid analysis of AT5G60160 and  
AT2G18230 null mutants……………………………………..30 
2.2.4 Evaluation of other Mediator tail subunits against Med5….31 
2.3 Discussion………………………………………………………………31 





LIST OF TABLES 
Table             Page 
Table 1-1 Plant-specific Med subunits identified by LC-MS…………………..19  
Table 2-1 REF4 baits used in preliminary Y2H based on putative  
membrane protein motifs……………………………………………..43 
Table 2-2 Previously identified putative interactors retrieved using REF4 
fragments……………………………………………………………….44 
Table 2-3 Number of total clones screened and viable clones in Y2H screen 
of Arabidopsis stem library using full-length MED5 baits………….45 
Table 2-4A Controls used and phenotypic readouts for yeast two-hybrid…….46 
Table 2-4B Summary of reporter gene activities of clones from Table 2-4……47 
Table 2-5  Putative interactors identified using full-length MED5 after 
elimination of out-of-frame and premature stop codon clones.......52  









LIST OF FIGURES 
Figure             Page 
Figure 1-1 Arabidopsis Mediator can be partially purified using ion-exchange 
chromatography………………………………………………………..14 
Figure 1-2 GO categorization of proteins detected from LC-MS of cation-
exchange purification………………………………………………….15 
Figure 1-3 Purification of recombinant MED6 and MED2……………………...16 
Figure 1-4 Evaluation of MED6 antisera…………………………………………17 
Figure 1-5 Evaluation of MED2 antisera…………………………………………18 
Figure 2-1 REF4 fragments used for baits in preliminary Y2H………………...36 
Figure 2-2 Prey-AD expression clone library construction……………………..37   
Figure 2-3 Reporter gene assays of full length AT2G18230 and        
AT4G18880 interaction tests with MED5……………………………38 
Figure 2-4 Reporter gene assays of MED2 and MED3 interaction tests with 
MED5…………………………………………………….....................40 
Figure 2-5A T-DNA insertional mutants were chosen based on insertions into 
one or multiple exons………………………………………………….41 




LIST OF ABBREVIATIONS 
 
REF  reduced epidermal fluorescence 
H-lignin p-hydroxyphenyl lignin 
G-lignin guaiacyl lignin 
S-lignin syringyl lignin 
 C3’H  p-coumaroyl shikimate 3’ hydroxylase  
F5H  Ferulate 5-hydroxylase 
Med  Mediator 
RPB  DNA-directed RNA polymerase II subunit 
GTF  General transcription factors 
MS  Murashige and Skoog 
Y2H  Yeast two-hybrid 
DBD  DNA binding domain 
AD  DNA activation domain 
bHLH  basic helix-turn-helix  





Zeng, Wenjie W. MS., Purdue University, December 2014. Elucidating the 
mechanism of phenylpropanoid regulation by the Arabidopsis Mediator complex. 
Major Professor: Clint Chapple. 
The Mediator complex is a multi-protein co-regulator of eukaryotic 
transcription which plays a role in the expression of many, if not most, genes of 
the cell. Two Mediator subunits, REF4 and RFR1, were demonstrated to be 
important for the normal regulation of phenylpropanoid metabolism in 
Arabidopsis. Phenylpropanoids are a family of specialized plant metabolites 
derived from the amino acid phenylalanine and are involved in defense against 
pathogens, UV protection and structural support. In order to understand how 
Mediator regulates phenylpropanoid metabolism through REF4 and RFR1, a 
better basic understanding of this protein complex is required. Here I provide 
data on the initial steps in characterizing the Arabidopsis Mediator complex. First, 
I performed partial purification of Mediator using ion-exchange chromatography 
followed by LC-MS analysis of cation-exchange purified fraction. Then we 
generated and evaluated antibodies against specific Mediator subunits. Lastly, I 
used yeast two-hybrid to evaluate previously identified putative interactors of 
REF4, evaluated interaction between Mediator tail subunits with REF4 and 








CHAPTER 1. PURIFICATION OF ARABIDOPSIS MEDIATOR 
1.1 Introduction 
1.1.1 The phenylpropanoid pathway 
Phenylpropanoids are diverse specialized metabolites that aid in the 
evolutionary fitness and survival of plants. These compounds include pigment 
molecules such as flavonoids, UV-absorbing compounds such as sinapoyl 
malate, and lignin, a polymer that plays a critical role in supporting plant body 
and vasculature (Boudet et al., 2003; Vanholme et al., 2008). Additionally, there 
seems to be a level of soluble phenylpropanoids that is optimal for plant 
performance; for example, the accumulation of high levels of soluble 
phenylpropanoids such as anthocyanin competes with chlorophylls for photons 
and decreases photosynthesis rates (Choinski et al., 1993; Burger et al., 1996; 
Tuohy et al., 1990; Bahler et al., 1991). Of course, this “optimal” level varies in a 
plant’s development (Fonseca et al., 2000) and when challenged by different 
stresses (Chalker-Scott 1999; Denness et al., 2011), but with growth condition 
and age being equal, there is little variation in phenylpropanoid levels amongst 
individuals of a species. All of these observations hint towards a system of 
sensing and controlling phenylpropanoid levels in planta about which we know 
very little. Research into this regulatory circuit could prove beneficial for 
bioengineering plants for various purposes by being able to direct and control 
their metabolism.  
Plants with perturbed phenylpropanoid biosynthesis have distinct phenotypes 
including dwarfing, sterility, and, in the case of Arabidopsis, a reduced epidermal 
fluorescence (ref) phenotype that is characterized by a red instead of blue 
fluorescence when observed under ultraviolet light (Bonawitz et al., 2010; 
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Umezawa 2010; Rogers et al., 2004). This red fluorescence is due to penetration 
of ultraviolet light into the mesophyll where it excites the chlorophyll. In the wild-
type, UV is absorbed and emitted at a lower energetic state as blue light by the 
conjugated pi bonds of sinapoyl malate in the epidermis. By exploiting this 
characteristic, many of the key players and regulators of the pathway had been 
identified (Fraser and Chapple 2011; Nair et al., 2004; Ruegger and Chapple 
2001). Disruptions in the pathway have unequal impact on plant biology: some 
mutations yielding more detrimental phenotypes than others, and this is a 
particularly important aspect to keep in mind when manipulating 
phenylpropanoids in plants. Mutations that gave rise to the most severe growth 
and morphological defects are in general in genes encoding enzymes in the early 
steps while mutants with defects in the later steps often appear wild-type like in 
growth. For example, ref8, which harbors a mutation in the C3’H enzyme, is 
severely dwarfed and sterile (Franke et al., 2002). C3’H is required for the 
synthesis of intermediates and precursors for both G- and S-lignins, the two 
predominant monolignols in angiosperms (Franke et al., 2002). In contrast, fah1, 
with a mutation in F5H, which is required for the synthesis of S-lignin and 
sinapate esters, is wild-type in growth (Humphreys et al., 1999; Meyer et al., 
1996).  
Three ref4 mutants enabled us to identify a novel gene REF4 (At2g48110), 
and its paralog, RFR1 (REF4-Related 1, At3g23590), within the Arabidopsis 
genome (Stout et al., 2008). The three mutants, ref4-1, ref4-2 and ref4-3, all 
carried single missense mutations in conserved residues in  REF4(D647N for 
ref4-1 and ref4-2; G383S for ref4-3) that led to down-regulated phenylpropanoid 
biosynthesis. Simple disruption of the REF4 gene via T-DNA insertion did not 
produce a ref phenotype suggesting that the phenotypes observed in the ref4 
mutants were due to the semi-dominant nature of the mutant allele rather than a 
non-functional REF4 protein (Stout et al., 2008; Bonawitz et al., 2012). RFR1 and 
REF4 were later identified to be subunits (MED33a and MED33b, respectively) of 
the Arabidopsis Mediator complex (Bäckström et al., 2007) when they were 
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found by mass spectrometry to co-purify with Mediator subunits that are more 
universally conserved. In the absence of these two proteins, soluble 
phenylpropanoids hyperaccumulate, suggesting that the wild-type function of 
REF4 and RFR1 is in the suppression of phenylpropanoid biosynthesis 
(Bonawitz et al., 2011).  
1.1.2 The Mediator complex  
The Mediator complex is a multi-protein coregulator of eukaryotic 
transcription conserved across all eukaryotes. It interacts with chromatin and 
chromatin-associated factors, bridges gene-specific promoter and enhancer 
elements with the general transcription machinery and promotes or represses 
gene transcription (Flanagan et al., 1991; Kim et al., 1994). This coregulator (also 
interchangeably called a coactivator) is essential in transcription of most 
eukaryotic protein-encoding genes because the core RNA polymerase II 
machinery (which consists of RPB1-RPB12) by itself does not have the capacity 
to recognize specific promoters (Myer et al., 1998). Mediator, together with GTFs 
(TFIID, TFIIB, TFIIF, TFIIH, and TFIIE) and the core RNA polymerase II 
machinery, constitute the RNA polymerase II holoenzyme, which is the active 
form that is recruited to genes (Myer et al., 1998). Mediator complex consists of 
20 to 30 subunits that can be categorized into four domains: head, middle, tail 
and kinase modules (Bourbon et al., 2004).  
The head domain is the first part of the complex to come into contact with 
the transcriptional machinery and once it recruits RNA polymerase II, the entire 
complex undergoes a conformation change. The kinase domain is a readily 
dissociable module and functions mostly as transcriptional repressor (Tsai et al., 
2013; Spahr et al., 2003). The tail domain interacts with gene-specific promoter 
and enhancer elements and it is in the tail domain that we see the most 
divergence in subunit homology (Kidd et al., 2011; Bäckström et al., 2007). 
Although first referred to as MED33b and MED33a, respectively, REF4 and 
RFR1 were found to be the orthologs of Med5/Nut1 in yeast and 
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Med24/TRAP100 in mammals (Bourbon 2008). These orthologs vary in function 
as well as in dispensability due to their evolutionary divergence. For instance, 
Med5 in yeast functions in suppressing the expression of mitochondrial proteins 
involved in oxidative phosphorylation and is dispensable in a wild type 
background but lethal in the temperature sensitive (ts) med21-ts and nut2-ts70 
mutants (Béve et al., 2005). In mammals, absence of Med24/TRAP100 is not 
embryonically lethal, but causes a defect in organ growth and differentiation in 
the mouse embryo and causes it to die early in development, suggesting its 
crucial role in embryogenesis (Mitsuhiro et al., 2002). Similar to the situation in 
yeast, REF4 and RFR1 are dispensable in Arabidopsis as the plant has wild- 
type level of growth even in the absence of both of these regulatory units 
(Bonawitz et al., 2012).  
Mediator has been shown to be a critical player in many plant biological 
processes beside phenylpropanoid metabolism, including flowering and defense 
against pathogens (Kidd et al., 2009), embryonic development (Ito et al., 2011), 
stress responses (Boyce et al., 2003), among others. Additionally, on a larger 
scale, Mediator seems to be able to act as a sensory platform that integrates 
different internal and external cues and provides appropriate regulatory control 
over the plant’s general growth. For example, the aforementioned ref8 mutant, 
deficient in C3’H activity which is required for synthesis of G- and S-lignin, is 
dwarfed and has severely perturbed cell walls (Franke et al., 2002; Bonawitz et 
al., 2014). However, in the absence of both Mediator subunits REF4 and RFR1, 
the growth of the plant as well as cell wall integrity are largely rescued (Bonawitz 
et al., 2014), indicating that Mediator, more specifically, REF4 and RFR1, are 
required for the manifestations of many undesirable traits that come with the 
manipulation of phenylpropanoids (such as dwarfing and weaker cell walls). 
Through better understanding of Mediator, we can make even better informed 
attempts at engineering and manipulating the pathway and plants to achieve 
desirable results. For example, knocking out REF4 and RFR1 in a ref8-1 
background has been shown to increase saccharification potential of the plant 
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material by eliminating the usual growth defects associated with the loss of G- 
and S-lignin, while permitting the plant to deposit an H-lignin-dominated 
secondary cell wall (Bonawitz et al., 2014). With the major drawback of 
phenylpropanoid manipulation being the overall decreased biomass yield, the 
ability to circumvent this shortcoming through the manipulation of Mediator could 
be very useful for the future of bioenergy by increasing yield whilst decreasing 
energy input for extraction of cellulose.    
1.1.3 Utilizing LC-MS as a method to characterize Mediator functions in 
phenylpropanoid metabolism 
One way to characterize a protein complex such as Mediator is to analyze 
protein-protein interactions by utilizing the power of LC-MS analysis on purified 
Mediator complex. In general, the purification can be done in several ways. One 
purification scheme is to first perform a crude purification via ion-exchange 
chromatography which exploits the fact that different proteins have different net 
charges, contributed by their surface residues and as a function of pH (Williams 
et al., 2001). When at a pH where the number of positive surface charges is 
equal to the negative surface charges the overall net charge is zero and this pH 
is called the isoelectric point (pI). If the operating pH is greater than the pI of a 
particular protein, this protein will exhibit a net negative charge, and if the 
operating pH is smaller than the pI, the protein will have a net positive charge. 
Furthermore, negatively-charged proteins will bind to anion-exchange resins 
(which have positively-charged functional groups) and positively-charged 
proteins will bind to cation-exchange resins (which have negatively-charged 
functional groups) and by adjusting the pH and using different ion-exchange 
chromatography resins, proteins of interest (and associated interactors in 
complexes) can be selectively retained on the column while contaminant proteins 
are washed off, and then the targeted protein can be eluted by increasing salt 
concentration (Williams et al., 2001). It is often useful to choose an exchange 
resin based on the charges of its surface charge groups which would mimic the 
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functional groups one’s protein of interest interact with in vivo (i.e. if the protein of 
interest is a component of nucleosomes, or transcription factors, which bind to 
negatively-charged DNA, then it may be better to choose cation-exchange 
resins).  
 After initial purification using ion-exchange chromatography, during which 
protein complexes of interest are selectively enriched and removed from 
contaminant proteins based on surface net charges, there is still the need to 
perform at least one more purification step to remove non-associated proteins 
that co-purified due to their similar net charge. One common follow-up after ion-
exchange purification is to use antibodies immobilized to resins that specifically 
target the protein of interest and perform an immunoprecipitation (IP). The 
antibody used here can be recognizing the protein itself directly or to a fusion 
moiety (an epitope tag such as HA, FLAG or others) on the protein. There are 
technical advantages and disadvantages to using either approach.  
One advantage of using an antibody that recognizes the protein is that the 
protein complexes targeted would not be disrupted by the presence of an epitope 
tag, and thus preserves the complex in its true native form. A disadvantage is 
that the lack of available antibody to select from and also the effort in generating 
and optimizing a suitable antibody to directly target the protein. In regards to 
using epitope-specific antibody, the advantage would be that there would be a 
variety of commercially available antibodies to the frequently-used fusion tag and 
thus eliminate the need to generate on one’s own. However, the disadvantages 
include aforementioned potential to interrupt formation of native complexes, if the 
position of the epitope (N- or C-terminus) would be disruptive to important 
protein-protein interactions. In order to know if inserting an epitope on a protein 
would disrupt its ability to form a complex, one can screen for rescue of mutant 
phenotype by transforming a gene encoding the tagged protein into a null 
mutant. If the formation of a complex is required for the protein’s function and the 
mutant is rescued then this epitope-tagged version is suitable for AP-MS 
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analysis. A potential disadvantage to this approach is that transformation is 
laborious and in some cases impossible in certain organisms.  
 After ion-exchange and IP purification, the proteins of interest can be 
digested into peptides by proteases such as trypsin (most commonly used, cuts 
at carboxyl side of arginine and lysine), pepsin, etc. The peptides can then be 
fractionated and separated on HPLC and analyzed by mass spectrometry, 
generating a MS spectrum of mass-to-charge ratio (m/z) and their relative ion 
abundance. Each peptide ion can be further ionized to generate a MS/MS 
spectrum which is used to compare its sequence to online databases of in silico-
generated peptide fragment to identify the parent proteins that gave rise to these 
peptides (Dunham et al., 2012).  
 There are advantages and disadvantages of using AP-MS to probe 
protein-protein interaction. One advantage is the sensitivity of current MS 
instruments which allows for detection of extremely low concentration of protein 
to even in the attomolar range (Mallick et al., 2010). Additionally, because of the 
speed of current MS instruments, large quantities of samples can be analyzed in 
parallel to give better coverage of the interactome or quantification of different 
protein species. Additionally, the enrichment of target proteins allow for analysis 
of post-translational modifications (PTM) (Dunham et al., 2012). One 
disadvantage of utilizing AP-MS to characterize protein-protein interactions is 
that while MS instruments have great sensitivity, they lack dynamic range. Most 
current MS instruments have a dynamic range of four to five magnitudes, but the 
range for different protein species can span at least seven orders of magnitude 
(Zobarev 2013). Therefore, it is of the utmost importance to remove as many 
other proteins as possible, in order to increase the chances of detection of the 
molecules of interest. Another issue is that peptides ionize with different 
efficiencies, and the methods to generate peptides can also play a role in 
whether an LC-MS analysis can detect the proteins of interest (Zhang et al., 
2008). Finally, due to the sometimes rigorous nature of purification methods 
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which often include strong washing steps, proteins purified from AP-MS tend to 
only include those in stable complexes with strong interactions and will not 
include transient interactors (Yu et al., 2008; Brückner et al., 2009).  
 To gain a better understanding of how REF4 and RFR1 controls 
phenylpropanoid metabolism, I tested the hypothesis that the evolutionarily 
conserved residues which gave rise to a dominant-negative phenotype, 
G383/G388 and D647/D638 in REF4 and RFR1 respectively, are critical in the 
interaction of these two mediator subunits with their targets and/or other subunits 
of the complex. In order to test this hypothesis, I attempted to purify Mediator 
from various mutations of REF4 (ref4-1, ref4-3 and ref4rfr1) and use LC-MS to 
identify changes in protein composition between purified Mediator Complexes of 
the wild type and that from ref4-1, ref4-3 and ref4rfr1. It could be that REF4 and 
RFR1 may themselves directly interact with activators/suppressors or they may 
associate with uncharacterized subunits of the complex and it is these unknown 
subunits that interact with the phenylpropanoid-specific activators/suppressors. 
Here I present data on the partial purification of the Arabidopsis Mediator 
complex as well as generation and evaluation of Mediator subunit-specific 
antibodies that would be useful in the future for monitoring further purification 
efforts. 
1.2 RESULTS 
1.2.1 Mediator can be partially purified using ion exchange chromatography 
 Attempts to purify Mediator were carried out essentially according to a 
protocol used for the preparation of the complex from A. thaliana cell-suspension 
cultures (Bäckström et al., 2007). Crude lysate from approximately 300 grams of 
wild-type Arabidopsis suspension cells were purified in the first round of 
purifications using a Biorex-70 cation exchange column. Fractions from 300, 600 
and 1200 mM potassium acetate fractions were analyzed with silver stain and 
probed with antisera against MED6 (Figure 1-1A-B). The same fractions were run 
on a separate SDS-PAGE gel in which lane E3 was cut out into 4 different 
9 
 
molecular weight ranges, trypsin-digested and sent for LC-MS analysis (Figure 1-
1C). Fractions containing the MED6 signals were then pooled, ammonium sulfate 
precipitated, desalted and purified using a Mono-Q anion exchange column 
(Figure 1-1D). The signal corresponding to Med6 was found in fractions A11 (180 
mM potassium acetate) through fraction B8 (420 mM potassium acetate, Figure 
1-1E). 
1.2.2 LC-MS analysis on cation-exchange fraction identifies three plant-specific  
subunits 
Analysis of LC-MS data from the cation exchange purified Mediator 
preparation using the open-source mass spec search engine and data base, 
Mascot, identified 1336 unique proteins (Table 1-2, sorted by AGI code). 
Amongst these proteins, MED35 (AT1G44910), MED36 (AT4G25630), and 
MED37 (AT5G28540) were the only Mediator subunits identified (Table 1-1).  
MED35 encodes a WW-domain protein and belongs to a family of PRP40s 
(Pre-mRNA processing proteins) involved in binding to the CTD of RNA 
polymerase II (Kang et al., 2009). MED36 encodes fibrillarin, a key nucleolar 
protein that associates with small nucleolar RNAs (snoRNAs) and involved in 
pre-rRNA processing (Barneche et al., 2000). MED37 is a luminal binding protein 
BiP, a member of the endoplasmic reticulum-localized heat shock protein 70 
(HSP70) protein chaperone involved in nuclear membrane fusion during 
Arabidopsis female gametophyte development (Maruyama et al., 2010). These 
three proteins were designated to be plant-specific subunits by the Bäckström 
group as they were independently identified in two separate purifications using 
two different antibodies, suggesting they consistently associate with the complex 






1.2.3 Generation and evaluation of Arabidopsis Mediator subunit-specific  
antibodies 
 Full-length recombinant 6XHis-tagged MED6 and MED2 were expressed 
and purified from E. coli (Figure 1-3A and 1-3B respectively). For each 
recombinant protein, antisera generated from two different rabbits were 
generated, for a total four different rabbits.  
Antisera against MED6 were evaluated against approximately 25ng of 
recombinant MED6 in a semi-log serial dilution of the antisera (Figure 1-4A), both 
antisera identified recombinant MED6 (arrows) however neither of the antisera 
produced a signal corresponding to MED6 when used in an immunoblot against 
Arabidopsis protein extracts (Figure 1-4B and 1-4C). In order to increase the 
chances of detection by increasing concentration of MED6 IgG, an affinity-
purification attempt of MED6 IgG was performed and the resulting eluate was 
tested against Arabidopsis protein samples from Figure 1-4B and 1-4C but no 
signals were detected (Figure 1-4D and 1-4E).  
MED2 antisera were evaluated, first against a semi-log dilution of purified 
recombinant MED2 (Figure 1-5A, Figure 1-5B) and showed that as little as 2.5ng 
of MED2 can be detected, and then a semi-log serial dilution of the antisera 
against 2.5ng of MED2 demonstrated that a dilution of 1:3000 of the antisera can 
be used to detect a minimum of 2.5ng of recombinant MED2 (Figure 1-5C). 
However, when using the final bleed from the first rabbit to probe against cation-
exchange purified Arabidopsis protein sample, no MED2 bands were detected in 
any of the fractions (Figure 1-5D). 
1.3 DISCUSSION 
 The Arabidopsis Mediator complex transcriptionally regulates 
phenylpropanoid metabolism through two subunits, REF4 and RFR1. In the 
absence of these two components, soluble phenylpropanoid hyper-accumulates 
whereas point mutations in specific conserved residues of these subunits can 
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lead to suppression of phenylpropanoid metabolism and stunted growth (Stout et 
al., 2008; Bonawitz et al., 2011). Furthermore, REF4 and RFR1 are also required 
for the manifestation of undesirable side-effects of phenylpropanoid manipulation 
such as dwarfing and unorganized cell walls as well as the mis-regulation of a 
majority of phenylpropanoid and growth-related genes in a mutant with disruption 
in C3’H activity, indicating that directly or indirectly Mediator senses defects in 
the pathway through the actions of REF4/RFR1 (Bonawitz et al., 2014). Here I 
attempted purification of the Arabidopsis Mediator in order to better understand 
and characterize its roles in the phenylpropanoid pathway. 
It is unsurprising that both MED35 and MED36 are associated with 
Mediator functions as both of them are involved in nuclear activities (RNA 
polymerase II binding and RNA processing respectively). MED35 preferentially 
binds to phosphorylated CTD of the largest subunit of RNA polymerase II and its 
homologs in other organisms are known to regulate transcriptional elongation 
processes such as 5’ capping and 3’ poly(A) tail processing (Cho et al., 1997; 
Steinmetz et al., 2001). However, MED35 has so far only been shown in binding 
to RNA polymerase II CTD (Kang et al., 2009). Whether or not MED35 is 
stoichiometric with RNA polymerase II or Mediator has yet to be shown. 
Arabidopsis CTD has 34 heptad repeats (Morris et al., 2000) and can potentially 
bind to more than one MED35 at any given time, whereas only one Mediator can 
only interact with one RNA polymerase II at a time in the RNA polymerase II 
holoenzyme form according to cryo-EM structural data (Tsai et al., 2014). 
Therefore, it is possible that the presence of MED35 in both of Bäckström’s 
purifications is due to the presence of RNA polymerase II, which co-purifies with 
Mediator, but is not indicative of an interaction with Mediator itself. 
The recovery of MED37 is surprising because it encodes an HSP that is 
localized to the ER instead of the nucleus. However, it has been demonstrated 
that in Arabidopsis and many other organisms, cytosolic HSP70s do translocate 
to the nucleus under heat-induced stress in a Hikeshi-dependent manner (in the 
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case of Arabidopsis, the carrier is HKL, or Hikeshi-like protein), where they 
function in protecting nuclear proteins from heat shock damage (Cho et al., 2009; 
Kose et al., 2009; Koizumi et al., 2014). It is well-established by cryo-EM and x-
ray crystallography structural studies of yeast and human Mediator that the 
complex, or at least certain domains of it, are fluid and flexible and are able to 
adopt different conformation when bound by different transcriptional activators 
and RNA polymerase II (Tsai et al., 2014). Med37 functions in binding to 
exposed hydrophobic residues of improperly folded proteins (both cytosolic and 
nuclear), and its association with Mediator might be explained by its binding to 
exposed hydrophobic regions of the complex while Mediator undergoes 
conformation changes, and thus, it is possibly not a stoichiometric component of 
Mediator. Therefore, the presence of these three proteins (MED35, 36, and 37) 
alone probably are not indicative of the presence of the rest of the Mediator 
complex, as they have functions outside of Mediator (MED37), and also not in 
stoichiometric proportion with Mediator (MED35, MED37).  
One explanation for a lack of detection other Med subunits from this LC-
MS analysis is that since the samples analyzed were from a single-step cation 
exchange purification, peptide signals derived from other, more abundant 
proteins masked the detection of Mediator peptide ions, which are in much lower 
abundance. This is supported by the detection of peptides derived from 
ribosomal proteins and histones (Figure 1-2) which are in much greater quantities 
than Mediator subunits. The dynamic range of the protein species in a cell spans 
over at least seven orders of magnitude while current mass spectrometry 
instruments can only readily detect proteins up to four magnitudes of dynamic 
range, which means that in the presence of abundant proteins (for instance, in 
human serum, albumin and IgG make up 70% of total protein mass (Anderson et 
al., 2002)) less abundant proteins may not be detected (Zubarev 2013). 
However, such technical limits are removed in an immunoblot, as the proteins 
are all denatured and separated by mass (or mass as well as charge in 2-D SDS 
PAGE) and additionally, the detection of low abundance proteins can be 
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amplified by increased exposure time, which is exemplified by our detection of 
AtMed6 (Figure 1-1B). Therefore, in order to utilize mass spectrometry to detect 
Mediator subunits, which are low in abundance compared to other cellular 
proteins, contaminations from higher abundance proteins needed to be largely 
removed. My results suggest that a one-step cation exchange chromatography 
step is not enough. Therefore, it would be necessary to carry forward at least 
one, if not two, more purification steps post-cation exchange in order to increase 
the chances of detecting Med subunits. 
1.3.2 Custom-generated antibodies react against recombinant MED6 and MED2 
but not with proteins in Arabidopsis extracts 
MED6 and MED2 antisera cross-reacted with recombinant MED6 and 
MED2, respectively, but not against actual Arabidopsis protein samples (Figure 
1-4B and 1-4C; Figure 1-5D). This could be due to a number of reasons. One 
explanation is that the reactivity we observed from the antisera against the 
recombinant protein is a cross reaction against E. coli protein impurities but not 
actually to recombinant MED6 and MED2. This could be the case for MED6, 
which has a molecular weight of 33kDa, and in our immunoblots the MED6 band 
appears halfway in-between the 46 and 30kDa mark as opposed to its actual 
size. For MED2, it has a molecular weight of 16kDa, and in our immunoblots the 
bands appear right at or slightly above 17kDa. It is also possible in both cases 
the protein ladder ran was slightly off its true size. Another explanation would be 
that the antisera do react with MED6 and/or MED2, but was not able to detect 
them in the Arabidopsis protein samples due to protein degradation. Finally, the 
level of MED6 and MED2 presented in the samples loaded may be below the 
limit of detection of the antibodies. This could be tested by probing against the 
crude lysate of a freshly-prepared protein sample of Arabidopsis tissue and also 
by concentrating the lysate in series via TCA precipitation and see if the 
increased total amount of protein would yield any cross-reactivity.
14 
 
A      B 
                 
C      D 







Figure 1-1. Partial purification of Mediator using ion exchange chromatography. 
(A) Silver stained SDS PAGE of cation-exchange purification; 1, lysate; 2, 
flowthrough; 3, 300 mM potassium acetate wash; 4, 600 mM potassium acetate 
wash; 5, 6, 7, 8, 9, 1200 mM potassium acetate fractions. (B) protein gel blot of 
fractions from (A) using anti-MED6. (C) Coomassie stained gel of fractions from 
1200 mM potassium acetate elution, blue boxes denoted regions cut out and 
analyzed by LC-MS. (D) Silver stained SDS PAGE of elution fractions of anion-































Figure 1-3. Purification of recombinant MED6 and MED2. (A) Coomassie stain of 
denaturing purification of MED6 (MW = 33 kDa); 1, solubilized inclusion bodies; 
2, flowthrough; 3, wash 1; 4, wash 2; 5, 6, 7, 8, elution fractions. (B) Coomassie 
stained gel of native purification of MED2 (MW = 16 kDa). 1, ladder; 2, Mono Q 
load; 3, Mono S load; 4, pooled Mono S elution; 5, buffer-exchanged soluble 
fraction; 6, buffer-exchanged insoluble fraction. 
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Figure 1-4. Evaluation of MED6 (size = 33 kDa) antibody. (A) protein gel blot of 
semi-log dilution of the antisera from two rabbits (1 and 2) against 25 ng of 
recombinant MED6. (B) protein gel blot of rabbit 1 antiserum (1:10,000 dilution) 
against Arabidopsis protein extract; 1, lysate; 2, flowthrough; 3, 300 mM 
potassium acetate wash; 4, 600 mM potassium acetate wash; 5, 1200 mM 
potassium acetate elution; 6, lysate 3x concentrated; 7, flowthrough 3x 
concentrated; 8, recombinant AtMed2. (C) Protein gel blot of rabbit 2 antiserum 
(1:10,000) against same Arabidopsis protein extracts as in (B). (D) protein gel 
blot using concentrated and purified AtMed6 IgG from rabbit 1 against the same 
Arabidopsis protein extracts as in (B). (E) protein gel blot using concentrated and 
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Figure 1-5. Evaluation of MED2 (size = 17 kDa) antibody. (A, B) Protein gel blot 
comparison of the different bleeds from individual rabbits against semi-log 
dilution of recombinant MED2. (C) Semi-log dilution of antiserum from rabbit 1 
against recombinant AtMed2. (D) test of antiserum against cation-exchange 
purification fraction using 1:2000 dilution of third bleed from first rabbit; 1, lysate; 
2, flowthrough; 3, 300 mM potassium acetate wash; 4, 600 mM potassium 
acetate wash; 5, 1200 mM potassium acetate elution; 6, lysate 3x concentrated; 
7, flowthrough 3x concentrated; 8, recombinant MED2. 
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Table 1-1. Plant-specific Mediator subunits identified by LC-MS.  
AGI code Med Subunit Gene description Mass 
(Da) 
At1g44910 35 WW-domain protein, binds to RNA pol 
II CTD 
108297 
At4g25630 36 fibrillarin 2, involved in rRNA 
methylation and cleavage 
33632 
At5g28540 37 HSP70 protein chaperone  73584 
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1.4 MATERIALS AND METHODS 
1.4.1 Plant material and growth conditions 
 Arabidopsis thaliana (ecotype Columbia) suspension cells were obtained 
from the Purdue University Department of Biological Sciences. Cultures were 
sub-cultured every seven days into liquid MS media (Murashige and Skoog 
1962) supplemented with 0.62% Gamborg salts and 0.2% Gamborg vitamins and 
grown under 24 hours light at room temperature and agitated at 100 rpm. 
Suspension cells were harvested under sterile condition by vacuum filtration and 
stored in -70oC. 
 Arabidopsis thaliana (ecotype Columbia) seeds were sterilized with 2:1 
triton X-100: bleach, washed with autoclaved deionized water, and grown in 
liquid MS media under 24 hours light at room temperature and agitated at 150 
rpm. After seven days, seedlings were collected by washing several times with 
deionized water, blotted dry, packaged with aluminum foil and stored in -70oC. 
1.4.2 Purification of Mediator using cation exchange chromatography 
Suspension cells or seedling tissues were ground to a fine powder in liquid 
nitrogen using a pestle and mortar. The powder was suspended in 3X volume of 
extraction buffer (25 mM HEPES-KOH pH 7.6, 1 mM DTT, 1 mM EDTA, 150 mM 
potassium acetate, protease inhibitors cocktail (Sigma: AEBSF, Bestatin, E-64, 
Pepstatin A, Phosphoramidon, Leupeptin, Aprotinin),stirred at 4oC for one hour 
and the crude extract was filtered through Miracloth and then centrifuged at 
10,000xg at 4°C for twenty minutes. The cleared lysate was then loaded onto a 
pre-packed Bio-rex 70 (BioRad) column (bed volume of 40 mL) using a 50 mL 
super loop at a flowrate of 1 mL min-1 The column was washed with 300 mM and 
600 mM of potassium acetate and eluted with buffer containing 1200 mM 
potassium acetate. 
1.4.3 Purification of Mediator using anion exchange chromatography 
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High salt fractions from cation-exchange chromatography containing 
MED6 (12 mL total) were pooled and then dialyzed against Buffer A (25 mM 
HEPES-KOH pH 7.6, 100 mM potassium acetate, 1 mM EDTA, 1 mM DTT, 
protease inhibitors (Sigma)) overnight at 4oC with two buffer changes and 
concentrated  by adding solid ammonium sulfate to a final concentration of 80% 
while stirring on ice. The protein pellet from ammonium sulfate concentration was 
obtained after spinning at 10,000xg at 4oC for 30 minutes and then resuspended 
in 2.5 mL Buffer A and desalted on a PD-10 column equilibrated with 25 mL of 
Buffer A into a final volume of 3.5 mL.. This eluate was then loaded onto a Mono 
Q HR5/5 column (GE Healthcare) washed with Buffer B (25 mM HEPES-KOH pH 
7.6, 1000 mM potassium acetate, 1 mM EDTA, 1 mM DTT, protease inhibitors 
(Sigma)) and equilibrated with Buffer A. After loading the column was washed 
with ten column volume (10 mL) of Buffer A. The column was then eluted with a 
100 to 500 mM potassium acetate gradient, with a gradient length of 20 column 
volume (20 mL) with 1 mL fractions being collected.  
1.4.4 Peptide generation and extraction for LC-MS analysis 
 Proteins were run on 12% SDS PAGE gel, stained with coomassie blue 
washed with deionized water, and one lane was excised with razor blade for LC-
MS analysis. The excised lane was further divided into smaller fragments and the 
fragments were collected in 1.5 mL eppendorf tubes and destained with 100 μl of 
100 mM ammonium bicarbonate/acetonitrile (1:1, v/v) and incubated with 
occasional vortexing for 30 min at room temperature. The supernatant were then 
removed and gel fragments were treated with 500 μl of acetonitrile and incubated 
at room temperature with occasional vortexing, until gel pieces became white 
and shrunk in size. Acetonitrile were then removed and the fragments were 
incubated with trypsin (0.1 mg/mL in 10 mM ammonium bicarbonate containing 
10% (v/v) acetonitrile) on ice until trypsin solution was absorbed into gel slices, 
additional trypsin solution was added to cover to the top of the gel slices plus an 
additional layer of 50 μl of 10 mM ammonium bicarbonate containing 10% (v/v) 
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acetonitrile. The gel slices were then incubated 37oC overnight. For peptide 
extraction, the gel slices were spun down at 10,000xg at room temperature for 2 
minutes and 1.5 μl of supernatants were removed and added to eppendorf tubes 
containing 100 μl of extraction buffer (1:2 (v/v) 5% formic acid/acetonitrile) to and 
incubated for 15 min at 37 °C in a shaker. 
1.4.5 Silver stain analysis of polyacrylamide gels 
After SDS-PAGE (Weber and Osborn 1969) polyacrylamide gels were 
fixed with 20% w/v trichloroacetic acid with gentle shaking at room temperature 
overnight. The gels were then fixed three times with 4:1:5 methanol/acetic 
acid/water (v/v) for 15 min followed by two 15 min rinses with water. The gels 
were then treated with fresh 0.1% (w/v) aqueous silver nitrate solution for 30 min, 
followed by two quick rinses with water and developed using 3% w/v sodium 
carbonate containing 0.085% w/v formaldehyde. After a desired degree of 
staining was achieved the development was stopped with 6% acetic acid.  
1.4.6 Western Blot analysis 
Proteins were separated via 1-D SDS PAGE on 10 – 15% gels. The 
proteins were then transferred to a 2 micron Whatman Westran S nitrocellulose 
membrane in a semi-dry transfer apparatus (Hoefer TE 77) running at 40 mA per 
membrane for 1 hour at room temperature. The membrane was then blocked 
with 1X BSA (0.1 g BSA/mL) at 4oC overnight. The membrane was then 
incubated with 10 mL primary antibodies (in 1X BSA diluted at indicated dilution 
in figures) for 1 hour at room temperature, washed three times for 15 minutes 
with 15 mL PBST (137 mM NaCl, 10 mM Na2HPO4, 20 mM NaH2PO4, 0.1% v/v 
Tween 20) each time, incubated with 10 mL secondary antibodies (goat anti-
rabbit, diluted to1:30,000 in 1X BSA) for 1 hour at room temperature, washed 
three times for 15 minutes with 15mL PBST each time, incubated with 3 to 4 mL 
SuperSignal West Pico Chemiluminescence substrate for 5 min and exposed 
onto Kodak BioMax XAR high performance film for 1 hour. 
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1.4.7 Cloning, expression and purifications of recombinant AtMed2 and AtMed6 
for antibody production 
Coding regions of MED2 and MED6 were amplified from A. thaliana cDNA library 




AG), cc3702 (MED6-forward, 
GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATGGATTCCTCTCTGCTC 
TCG), cc3703 (MED6-reverse, 
GGGGACCACTTTGTACAAGAAAGCTGGGTCTTAGAACTTCATTCTTTTAGCA
GG). Each primer contains gateway recombinant sequence allow for BP 
reactions of PCR products with pDONR221 to create entry clones. Clones were 
sequenced to make sure they contained the correct open reading frames and 
contained no premature stop codons or other missense mutations and then were 
used in LR reaction with pET300NT-DEST to generate N-terminal 6X-his tagged 
expression clones. The expression constructs were then transformed into BL21-
DE3 cells for expression.  
 Recombinant MED6 was expressed by inducing transformed BL21-DE3 
cells with 0.1 mM IPTG at an OD600 of 1.0 after which the cells were grown at 
37oC for 3 additional hours. Cells were collected, the pellet was resuspended in 
lysis buffer (20 mM Tris pH 8.0, 50 mM NaCl, 1 mM EDTA) and lysed with a lysis 
cocktail containing DNAseI and lysozyme (0.01 mg/mL each) for 2 hours on a 
rocker at room temperature. Insoluble inclusion bodies were then separated from 
soluble fractions by centrifugation at 10,000xg for 30 minutes at 4oC and 
inclusion bodies were rinsed three times with deionized water, and dissolved in 
denaturing lysis buffer (20 mM Tris pH 8.0, 500 mM NaCl, 8 M urea, 1 mM 
EDTA, 20 mM imidazole) by rocking back and forth at room temperature for 2 
hours. The denatured inclusion bodies were spun down once more at 10,000xg 
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for 30 minutes and the solubilized inclusion bodies were loaded onto a His 
HiTrap 5 mL column (GE Healthcare) equilibrated with 5 mL of 0.1 M NiSO4 
followed by 25 mL denaturing lysis buffer. The column was then washed with 50 
mL of denaturing lysis buffer and recombinant MED6 was eluted with elution 
buffer (20 mM Tris pH 8.0, 500 mM NaCl, 8 M urea, 1 mM EDTA, 500 mM 
imidazole). Fractions containing MED6 were pooled together, TCA precipitated 
and run on a 12% SDS PAGE gel, and the AtMed6 band was cut out and sent to 
Cocalico Biologicals for antibody production. 
 Recombinant MED2 was initially purified from inclusion bodies as 
described above. The solubilized MED2 inclusion bodies were then dialyzed 
against refolding buffer (20 mM Tris 8.0, 50 mM NaCl, 50 mM glycine, 1 mM 
EDTA, 1 mM DTT, protease inhibitors (Sigma)) overnight at 4oC with three buffer 
changes to allow recombinant MED2 to refold into soluble form. The dialysate 
was then spun down at 10,000xg at 4oC for 30 minutes and the soluble fraction 
was loaded onto a His HiTrap 5 mL column (GE Healthcare) equilibrated with 5 
mL of 0.1 M NiSO4 followed by 25 mL binding buffer (20 mM Tris 8.0, 500 mM 
NaCl, 50 mM glycine, 1 mM EDTA, 1 mM DTT, 20 mM imidazole, protease 
inhibitors (Sigma)). The column was then washed with 50 mL of binding buffer 
and recombinant MED2 was eluted with elution buffer (20 mM Tris pH 8.0, 500 
mM NaCl, 50 mM glycine, 1 mM EDTA, 1 mM DTT, protease inhibitors (Sigma), 
500 mM imidazole). Fractions containing MED2 were pooled together, 
concentrated with 80% ammonium sulfate, desalted with a PD-10 column 
equilibrated with Buffer A (20mM Tris 8.0, 50mM NaCl, 50mM glycine, 1mM 
EDTA, 1mM DTT, protease inhibitors (Sigma)) and loaded onto a Mono Q 5/5 
HR column (GE Healthcare) washed with Buffer B (20mM Tris 8.0, 1000mM 
NaCl, 50mM glycine, 1mM EDTA, 1mM DTT, protease inhibitors (Sigma)) then 
equilibrated with Buffer A. The column was then washed 20 mL Buffer A and 
recombinant MED2 was further purified with a linear gradient from 50 mM to 500 
mM NaCl. Recombinant MED2 were then pooled and dialyzed against Buffer C 
(50 mM HEPES 7.6, 50 mM NaCl, 1mM EDTA, 1mM DTT, protease inhibitors) 
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overnight at 4oC and loaded onto a Mono S column (GE Healthcare) washed with 
Buffer D (50 mM HEPES 7.6, 500 mM NaCl, 1mM EDTA, 1mM DTT, protease 
inhibitors) and equilibrated with Buffer C. The column was washed with 20 mL 
Buffer C and MED2 was eluted with a linear gradient from 50 to 300 mM NaCl. 
Fractions containing MED2 were pooled and sent to Cocalico Biologicals for 
antibody production. 
1.4.8 Affinity purification of anti-MED6 IgG 
 Lyophilized CNBr-sepharose (GE-Healthcare) was washed in 1 mM HCl 
(1 g per 200 mL) on a sintered glass filter. Recombinant MED6 protein was 
exchanged into coupling buffer (0.1 M NaHCO3 pH 8.3, 0.5 M NaCl) via dialysis. 
Swollen CNBr-sepharose beads were washed three times with coupling buffer 
and resuspended in 3.5 mL coupling buffer, added to recombinant MED6 (0.5 
mg/mL, 6 mL) in a 15 mL tube and agitated gently overnight at 4oC. The beads 
were then spun down at 1200 rpm for 2 minutes at room temperature and the 
supernatant was removed and stored at -70oC. Beads were washed three times 
with coupling buffer and remaining active groups were blocked with 0.1 M Tris-
HCl pH 8.0 for two hours at room temperature. Beads were then washed three 
times each with alternate cycle of 0.1M Tris-HCl pH 8.0 and 0.5 M NaCl followed 
by 0.1 M NaOAc pH 4.0 and 0.5 M NaCl. Then the beads were washed three 
times with PBS (137 mM NaCl, 10 mM Na2HPO4, 20 mM NaH2PO4) and 
incubated with 10 mL of rabbit sera and incubated overnight with gentle agitation 
at 4oC. The protein-bound beads were then packed into a column and washed 
five times with 20 mL PBS each, and bound proteins were eluted with 20 mL of 
200 mM glycine pH 2.8, collected into 1 mL fractions into ependorf tubes pre-
loaded with 27 µL of 3M Tris HCl pH 8.8 and 100 µL 3M KCl.
26 
 
CHAPTER 2. IDENTIFICATION AND EVALUATION OF PUTATIVE ATMED5 
INTERACTORS USING YEST TWO-HYBRID 
2.1 Introduction 
2.1.1 Protein complexes  
 The majority of biological functions are performed by proteins, as their 
chemical and structural complexity enable them to carry out tasks that are 
otherwise not possible by other cellular catalytic molecules such as ribozymes. 
Additionally, many of these cellular functions cannot be perform by the action of a 
singular protein but require the concerted effort of some form of a protein 
complex. For example, the transfer of an ubiquitin to a substrate requires the 
formation of a complex between the ubiquitin-conjugating enzyme E2, the 
ubiquitin ligase E3, and the substrate itself (Komander et al., 2012). Moreover, 
some E3’s are protein complexes themselves, such as the SCF complex 
(Schulman et al., 2000). Complex formation between E2 and E3 enzymes allows 
for very high substrate specificity and is required to maintain the fidelity of the 
ubiquitination signaling system. Another example is transcription. Transcription 
initiation requires the recognition of the promoter element by the TATA box-
binding protein (TBP) and subsequent recruitment of TBP-associated factors 
(TAF’s). TBP then distorts the promoter sequence and facilitates the recruitments 
of the RNA polymerase II holoenzyme (Shandilya et al., 2012). The RNA 
polymerase II holoenzyme itself is protein complex which consists of core RNA 
polymerase II, general transcription factors (GTF’s), and Mediator (Myer et al., 
1998). By studying the behaviors of proteins within complexes we can gain a 
better understanding of the biological functions for which these proteins are 
responsible. Two of the most frequently-used methods to detect protein-protein
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 interactions are affinity-purification followed by mass spectrometry (AP-MS) and 
yeast two-hybrid.  
2.1.2 Yeast two-hybrid as a method to detect transient protein-protein 
interactions 
  Y2H utilizes the phenotypic readout of reporter genes of auxotrophic 
yeast strains transformed with bait and prey plasmids, in which a bait protein is 
fused with the GAL4 DNA binding domain (DBD) and a prey protein fused with 
the GAL4 DNA activation domain (AD). If the bait and prey interact with each 
other, the interaction event constitutes a functional hybrid transcription factor 
from the two fusion proteins and induces expression of the reporter gene 
(Brückner et al., 2009; Fields et al., 1989). The classical bait- and prey-fusion are 
the DBD and the AD of Gal4, but there are many modern variations including E. 
coli LexA and AD of Herpes virus VP16 (Brückner et al., 2009). A comprehensive 
Y2H screen should test the read out of several reporter genes, such as the 
colormetric lacZ, and auxotrophic HIS3 and URA2, in parallel to eliminate false 
positives. Current Y2H is high-throughput and is very useful in detecting weak 
and transient binary protein-protein interactions (Brückner et al., 2009; Lalonde et 
al., 2008).  
 There are several limitations and disadvantages of to Y2H, although some 
of these can be controlled for. First, given the nature of the method, there are 
many sources for false positives. One major source of false positive occurs if the 
prey-AD fusion has the ability to recognize and bind to the reporter genes’ 
promoter element, bypassing the need of interacting with the bait-DBD fusion yet 
still yield a readout of the reporter gene. Another example is when the bait and 
prey of interest might not be properly folded and/or post-translationally modified 
in the yeast cytosol as they are in their natural hosts, which can contribute to 
both false positives and negatives. Because the prey-AD fusion is constructed 
from a cDNA library in most cases, larger transcripts are sometimes not fully 
reverse-transcribed. These truncated products may be unable to interact with 
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bona fide partners in Y2H (if for example, the interaction domain was near the N-
terminus) or may generate false positives, due to misfolding. Lastly, the Y2H 
system can enable interaction between proteins that would not be within the 
same subcellular compartment and thus might never otherwise interact with one 
another by translocating them to the nucleus. In this case it is clear that any 
positive interactions seen in a Y2H environment might not be reflective of true 
biological interactions (Fields et al., 1989). Given the limitations of Y2H, it is best 
to perform orthogonal experiments such as AP-MS and also subject the 
candidates retrieved from Y2H to more stringent biochemical and genetic assays 
to query their true nature; however, Y2H is still a good starting point to start 
looking for potential interaction partners of target proteins of interest.  
RESULT 
2.2.1 Evaluation of previously identified putative interactors against full length 
MED5 baits 
 REF4 was originally predicted to be a membrane protein (Stout et al., 
2008). Because membrane proteins are generally not suitable baits for Y2H, the 
coding sequence was divided into segments representing seven putative extra-
membrane domains prior to cloning into the Y2H bait constructs. (Table 2-1, 
Figure 2-1).  
22 positive clones were retrieved in this screen (Table 2-2) and two clones 
of possible biological relevance included clone IIA/AT3G47640, which encodes a 
bHLH transcription factor, and clone IIC/AT1G29940, which encodes a subunit of 
RNA polymerase I. On the other hand, RNA polymerase I is responsible in 
transcribing ribosomal RNA (rRNA) and there is no evidence for a role of 
Mediator’s role in rRNA synthesis. In order to test to see if any of these clones 
interact with the full-length REF4 and/or RFR1, I transformed each of the clones 
with either full-length REF4, RFR1, ref4G383S or rfr1G388S and assayed each 
transformant’s reporter genes activity.  
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The 22 previously-identified clones (prey) were co-transformed into 
MaV203 cells with full-length REF4, RFR1, ref4G383S and rfr1G388S, and each 
clone’s interaction with each of these four baits were assessed individually by the 
read out of three reporter genes (lacZ – colorimetric test; HIS3, URA3 – 
auxotrophic on media lacking histidine or uracil, respectively) in four different 
tests (blue-white for lacZ, positive selection for HIS3, and both positive and 
negative selection for URA3). The criteria for interaction require scoring positive 
on three out of the four tests, and out of these 22 clones, only one fulfills the 
criteria (clone VB/AT1G10180). This clone encodes a protein which is part of the 
Arabidopsis exocyst, where it plays a role in morphogenesis (Hála et al., 2008), 
and there are no known precedents for this gene’s involvement in the 
phenylpropanoid pathway or Mediator. All the clones scored negative on plates 
lacking uracil for the positive selection of URA3, however, failure to grow on 
media lacking uracil in this assay does not exclude the clone as genuine 
interactor, because URA3 promoter contains URS1 sequence which strongly 
represses transcription and only strong protein-protein interactions will induce 
this gene and allow growth on media lacking uracil (Vidal 1997).  
2.2.2 Identification and evaluation of putative interactors using full-length MED5 
as baits 
In an attempt to find novel interactors, we screened a library containing 
prey-AD fusion clones constructed from Arabidopsis leaf cDNA and 
characterized the putative interactors.  
An expression library containing prey-AD fusion was constructed from an 
Arabidopsis stem cDNA library of donor clones (Figure 2-2). This library was then 
transformed into MaV203 cells carrying one of the four singular, full-length baits 
(REF4, RFR1, ref4G383S and rfr1G388S) and for each bait plus library co-
transformation, more than 1X106 transformants were screened (Table 2-3). Each 
of the clones retrieved was then tested for their reporter gene activity (lacZ, HIS3 
and URA3) and all were weak interactors of their respective bait (Table 2-4B). 
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Next, each of the clones were then amplified using PCR and sequenced. Each of 
the sequences with out-of-frame ORFs and/or premature stop codons were 
eliminated from the list of possible interactors and a final list of in-frame, positive 
clones was created (Table 2-5). Three clones (AT5G60160, AT2G18230 and 
AT4G18880) were of particular interest because they were retrieved multiple 
times in the screen. AT5G60160 encodes a putative amionpeptidase and the 
clones from which this gene was identified were full-length. The clones from 
which AT2G18230 were identified were truncated to various degrees, and this 
gene encodes a putative inorganic pyrophosphatase. Like AT2G18230, the 
clones of AT4G18880 were also truncated, and this gene encodes a heat-shock 
transcription factor (HSF A4A), which looked to be the most promising of the 
three due to its nuclear localization and function. To investigate whether the full-
length versions of AT2G18230 and/or AT4G18880 interact with their respective 
bait, or other Med5 baits, I created full-length bait-DBD constructs of these two 
clones, co-transformed each with each of the four MED5 baits, and query their 
reporter gene activity (Figure 2-3). As summarized in (Table 2-6), full-length 
AT2G18230 is a weak interactor of RFR1 and rfr1G388S, but full-length 
AT4G18880 does not interact with any Med5 bait.  
2.2.3 Soluble phenylpropanoids analysis of AT5G60160 and AT2G18230 T-
DNA null mutants 
T-DNA insertional null mutants for AT5G60160 and AT2G18230 were 
chosen based on lines with insertions that interrupted exons (Figure 2-5A). 
Soluble phenylpropanoids were extracted from whole-rosette leaves and 
inflorescence stems of twenty-day old plants and separated and analyzed on 
HPLC (Figure 2-5B). The level of sinapoylmalate from AT5G60160 and 
AT2G18230 null plants were not significantly different from that of the wild-type 




2.2.4 Evaluation of other Mediator tail subunits against MED5  
 Because REF4 and RFR1 are orthologs of the yeast Med5, and this 
subunit is in the tail domain of the complex (Bourbon et al., 2008), it is possible 
that other tail subunits in the Arabidopsis Mediator may interact with REF4 or 
RFR1. Yeast Med2 and Med3 are both in the tail domain and both have 
orthologs in Arabidopsis  so I next to tested whether the Arabidopsis MED2 
and/or MED3 interact with MED5. I created translational fusions of MED2 and 
MED3 (both Prey-AD as well as Bait-DBD), co-transformed each with MED5-
fusion constructs into MaV203 and assayed the reporter gene activity of each 
(Figure 2-4). Neither MED2 nor MED3 interacted with any of the MED5 bait. 
2.3 Discussion 
 It is important to utilize more than one approach when probing protein-
protein interactions. The high-throughput AP-MS approach offers great sensitivity 
but can miss transient and weak protein interactors, as only the ones that form 
strong interactions in complexes are stable to purification and biologically 
important but transient interaction partners may thus be biased against in such 
an approach. For my purposes, an AP-MS approach would be suitable to detect 
strong interactions within the Mediator complex and therefore be useful in 
analyzing the effect of removing REF4 and RFR1 to the overall complex in 
ref4rfr1 double mutant, or what structural changes, if any, can be induced by the 
dominant mutations of ref4-1 and ref4-3. However, using AP-MS alone would 
probably miss out on the transient interactors of REF4 and RFR1, e.g., the 
transcriptional activators and/or repressors that recruit REF4/RFR1 and in 
extension, Mediator, to phenylpropanoid-related genes. Therefore, in order to 
provide a comprehensive coverage of the protein-protein interactome of AtMed5, 
the AP-MS approach would needed to be complimented by an orthogonal 
approach which excels in detecting binary and transient protein-protein 
interactions, such as yeast two-hybrid (Y2H). To complement my AP-MS 
approach in Chapter 1, in this chapter, I used Y2H to evaluate previously-
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identified REF4 interaction partners, screened the Arabidopsis stem library for 
possible interactors, and tested interactions between Med5 and two other tail 
subunits. 
2.3.1 Most candidates retrieved using truncated REF4 as bait do not interact 
with full-length MED5  
Only one of the 22 previously-identified REF4 interactors show some form 
of interaction towards MED5. The clone, VB/AT1G10180 which interacts weakly 
with RFR1G388S, encodes a component of the Arabidopsis exocyst complex, 
which plays an important role in morphogenesis and pollen tube formation (Hála 
et al., 2008), but so far, there are no known role of this protein in either 
phenylpropanoid metabolism, or in Mediator. Additionally, there are no known 
orthologs in other organisms with well-characterized Mediator functions such as 
S. cerevisiae or humans. The data presented here indicate that these 22 
candidates likely do not interact with full-length MED5 as shown by their failure to 
induce reporter gene readouts. There are several explanations as to why this 
screen using REF4 fragments as baits failed to retrieve any promising 
candidates, when these candidates were tested against the complete AtMed5 
proteins. One reason is that the residues used to construct the baits were not 
sufficient to provide a genuine interaction surface that would recruit in planta 
REF4 interacting proteins, and instead, these truncations misfolded into a three-
dimensional structure that resulted in false positives. However, even if we 
assume that on the contrary, the full-length AtMed5 bait constructs do not 
properly fold into their native structure and these 22 candidates are genuine 
candidates, only one of them, clone IIA/AT3G47640, which encodes a basic 
helix-turn-helix transcription factor, appears to be a strong candidate for future 
research (Table 2-2), whereas the other 21 candidates are of low priority 
because they encode enzymes or ribosomal proteins. AT3G47640 has been 
shown to be involved in iron homeostasis (Rodriguez-Celma et al., 2013) and its 
paralogs in Arabidopsis are involved in embryogenesis and homeostasis of other 
33 
 
metal ions, but none have been shown to be involved in phenylpropanoid 
metabolism, nor with MED subunits that have been shown to regulate iron 
homeostasis such as MED16 and MED25 (Yang et al., 2014). 
2.3.2 AT5G60160, a putative amino peptidase, and AT2G18230, a putative 
pyrophosphorylase, are weak interactors of RFR1 
Through screening of more than 1x106 clones for each bait, elimination of 
false positives by exclusion of out-of-frame clones and characterization of full-
length, in-frame clones, two weak interacting candidates of RFR1 were identified. 
Surprisingly, no viable clones on selection plates were retrieved from the screen 
using REF4 as bait, and this particular screen was performed one additional time 
yielding the same negative results. The REF4-AD constructs were sequenced 
and there were no premature stop codons, missense mutations and the ORF is 
in-frame with the AD fusion. One explanation for the lack of clones on selective 
plates using REF4-AD as bait is that the REF4-AD fusion proteins might be more 
unstable than the other bait fusions, and are degraded before they can 
translocate into the nucleus. One way to test this is to evaluate the protein level 
of REF-AD fusions using western blot over a time course and compare its level to 
the other three baits.  
AT5G60160 belongs to the M18 metal-dependent, aspartyl-
aminopeptidase family (Walling 2006). There are no known involvements of this 
gene in the phenylpropanoid pathway. AT5G60160 has two orthologs in budding 
yeast, YHR113W and LAP4. YHR113W, a putative aspartyl-aminopeptidase, has 
been shown to interact with two nuclear proteins, SSU72 (RNA polymerase II 
subunit A C-terminal phosphatase) and TAF14 (transcription initiation factor 
TFIID subunit 14) in which their interactions were validated in three orthogonal 
approaches: Y2H, bimolecular fluorescence complementation as well as AP-MS 
(Yu et al., 2008). Metal-dependent proteases have been shown to have dual 
functionalities in other organisms. For example, matrix metalloproteinase 12 
(MMP-12), a zinc-dependent peptidase in mammals, has the capacity to both 
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enter the nucleus, acting as transcription activator to IκBα (inhibitor of NF-κB) 
which promotes IFN-α secretion and accelerates defense against viral invaders 
(Grandvaux et al., 2002), and can degrade extracellular IFN-α as the time of viral 
infection proceeds, thereby minimizing damages caused by prolonged 
inflammation responses (Dandachi et a., 2014). Viral proteases often carry 
multiple functions, for example, the Enterovirus type 71 2A protease also has 
transcriptional activity when infected yeast cells (Yang et al., 2010). Based upon 
these observations in other systems, it is possible that AT5G60160 can localize 
to and function in the nucleus. 
The other weak interactor of RFR1, AT2G18230, is a putative inorganic 
pyrophosphatase. This gene has not been shown to be involved in 
phenylpropanoid metabolism or Mediator. This gene’s ortholog in budding yeast, 
Ipp1, has been shown to interact with Bre1, which is an ubiquitin E3 ligase, via 
MS analysis of chromatin-associated proteins (Lambert et al., 2010). Bre1 has 
two orthologs in Arabidopsis, HUB1 and HUB2, and HUB1 has been shown to 
interact with MED21 and together, they play a role in defense against fungal 
pathogens in Arabidopsis (Dhawan et al., 2009). The Drosophila nucleosome 
remodeling complex, NURF, contains a small subunit that has inorganic 
pyrophosphatase activity, and it was suggested that one possible function of the 
pyrophosphatase is to drive the reversible reaction of incorporating nucleotides 
and the liberation of pyrophosphate in the forward direction by hydrolyzing free 
pyrophosphates during active replication or transcription (Kornberg 1962; Gdula 
et al., 1998). Therefore it is possible for AT2G18230 to be in a yet-to-be identified 
chromatin remodeling complex that associates with Mediator.  
2.3.3 Mutations in AT5G60160 and AT2G18230 have no significant effects on 
soluble phenylpropanoids 
HPLC quantification of soluble metabolites in AT5G60160 and 
AT2G18230 T-DNA null mutants showed neither mutant had significant 
differences than wild-type in soluble phenylpropanoids (Figure 2-5). One 
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possibility is that these two candidates instead have an effect on insoluble 
phenylpropanoids and/or the secondary cell wall, and to test this, lignin analysis 
such as DFRC, and transmission electron microscopy on cross-sections of 
inflorescent stems would be needed. It is also possible that these two candidates 
do not, in fact, impact the phenylpropanoid pathway and our identification of them 
through this Y2H was simply due to the aforementioned technical short comings 
of the experiment. Further experiments with these two candidates should be 
carried out, such as Co-IP experiments to see if they interact with RFR1 outside 
of Y2H environment, and perhaps transcriptome analysis of the T-DNA null lines.  
2.3.3 MED2 and MED3 do not interact with MED5 
 MED2 and MED3, two subunits of the Mediator tail domain, do not interact 
with MED5 in the Y2H interaction test. This could that these two subunits are 
located spatially in relationship to MED5 in the tail such that they do not interact 
in vivo. There are several additional tail subunits, MED14, MED16, four MED15 
paralogs, and MED23. We could test their binary interaction (or lack thereof) with 
MED5, MED2 and MED3. And taking into consideration the limitations of using 
reporter gene-readout Y2H, it is also entirely possible that the results here don’t 
hold any weight biologically, and in planta MED2 and/or MED3 interact with 
MED5, but this interaction cannot be detected by Y2H. To test this, we can 
perform pairwise Co-IP using each of the tail subunit and see which one interacts 
with which, but in order to do this, it is preferable to generate robust antibodies 
that recognize each of the tail subunit rather than using epitope-tagged tail 
subunits since there is always the chance that the tags might interfere with 
interaction. Another approach would be to use a bimolecular fluorescence 
complementation assay (BiFC,) instead, where the bait and preys are separated 
into two halves of a fluorescence protein and their interaction will yield a 
fluorescence signal; one advantage of this method is that it can be performed in 
cells not limited to yeast and additionally, it does not force bait and prey fusion 








Figure 2-2. Construction of Prey-AD expression clone library from stem cDNA donor 
library. Restriction digests of plasmids from individual colonies show a range of insert 
sizes. Titer: Average cfu/mL= 3.6 x 106. Total cfu = cfu/mL x 11 mL = 3.9 x 107. 23 out of 
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Figure 2-3. Full length AT2G18230 and AT4G18880 interaction tests with MED5 
baits. 1, strong positive control; 2, weak positive control; 3, negative control; 4, 
pDEST32 + AT4G18880 (negative control); 5, pDEST32 + AT2G18230 (negative 
control); 6, REF4 + AT4G18880; 7, RFR1 + AT4G18880; 8, rfr1G388S + 
AT4G18880; 9, ref4G383S + AT4G18880; 10, REF4 + AT2G18230; 11, RFR1 + 
AT2G18230; 12, rfr1G388S + AT2G18230; 13, ref4G383S + AT2G18230. (A) 
lacZ colormetric assy; dark blue, strong interaction; light blue, weak interaction; 
white, no interaction. (B) HIS3 reporter gene; growth, interaction. (C) Positive 
selection for URA3; growth, strong interaction; no growth, weak or no interaction. 
(D) Negative selection for URA3; growth, weak or no interaction; no growth, 










B          C                D 










Figure 2-4. Full length MED2 and MED3 interaction tests with MED5 baits. 1, 
strong positive control; 2, weak positive control; 3, negative control; 4, pDEST32 
+ MED2 (negative control); 5, pDEST32 + MED3 (negative control); 6, REF4 + 
MED2; 7, RFR1 + MED2; 8, rfr1G388S + MED2; 9, ref4G383S + MED2; 10, 
REF4 + MED3; 11, RFR1 + MED3; 12, rfr1G388S + MED3; 13, ref4G383S + 
MED3.  (A) lacZ colormetric assy; dark blue, strong interaction; light blue, weak 
interaction; white, no interaction. (B) HIS3 reporter gene: growth, interaction. (C) 
Positive selection for URA3; growth, strong interaction; no growth, weak or no 
interaction. (D) Negative selection for URA3; growth, weak or no interaction; no 
growth, strong interaction. (B, C, D) Dilutions are a ten-fold dilution series from 





Figure 2-5A. T-DNA insertional mutant lines for AT5G60160 and AT2G18230. 










Figure 2-5B. Loss of AT2G18230 or AT5G60160 has no significant effect on 
soluble phenylpropanoids. (A) HPLC quantification of sinapoylmalate in whole 
rosette leaves (n=5). (B) HPLC quantification of sinapoylmalate in inflorescence 












































































Residues included Clones Retrieved 
I S175 to S397   
II I381 to P573 IIA, IIB, IIC 
III D647 to C950 IIIA, IIIB, IIIC, IIID, IIIE, IIIF, 
IIIG 
IV S175 to P599 IVA, IVB, IVC 
V I381 to Y922 VA, VB, VC, VD, VE, VF, VG 
VI M1 to Q391 VIA, VIB 
VII T921 to end    
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Table 2-2. Previously identified putative interactors retrieved using REF4 
fragments. 
Clone  AGI Code Gene Description 
IIA AT3G47640 basic helix-loop-helix (bHLH) family protein 
IIB AT1G50480 10-formyltetrahydrofolate synthetase (THFS) mRNA 
IIC AT1G29940 Encodes a subunit of RNA polymerase 1 (aka RNA 
polymerase A). 
IIIA AT1G61990 mitochondrial transcription termination factor-related / 
mTERF-related 
IIIB AT1G27450 Adenosine phosphoribosyl transferase 
IIIC AT3G59970 methylenetetrahydrofolate reductase  
IIID AT5G03610 GDSL-motif lipase/hydrolase family protein 
IIIE AT1G15930 40S ribosomal protein S12 (RPS12A) 
IIIF AT3G44990 xyloglucan endo-transglycosylase 
IIIG AT3g06720 Encodes importin alpha involved in nuclear import 
IVA AT3G09200 60S acidic ribosomal protein P0 (RPP0B) 
IVB AT1G02780 EMB2386 (EMBRYO DEFECTIVE 2386); structural 
constituent of ribosome 
IVC AT1G12780 Encodes a UDP-glucose epimerase responsive to 
stress. 
VA AT1G79550 Encodes cytosolic phosphoglycerate kinase (PGK). 
VB AT1G10180 similar to unknown protein  
VC AT1G25490 One of three genes encoding phosphoprotein 
phosphatase 2A regulatory subunit A 
VD AT1G07930 elongation factor 1-alpha / EF-1-alpha 
VE AT1G67330 similar to unknown protein  
VF AT2G01250 60S ribosomal protein L7 (RPL7B) 
VG AT2G47610 60S ribosomal protein L7A (RPL7aA) 
VIA AT4G02890 Polyubiquitin gene containing 4 ubiquitin repeats. 
VIB AT5G21090 leucine-rich repeat protein, putative 
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Table 2-3. Number of total clones screened and viable clones in Y2H screen of 
Arabidopsis stem library using full-length Med5 baits.  
Bait  Number of transformants 
screened 
















Table 2-4A. Controls used and phenotypic readouts for yeast two-hybrid.  




















no growth growth none 
47 
 
Table 2-4B. Summary of reporter gene activities of clones from Table 2-4. 







RFR1 1 light blue growth no growth growth weak 
RFR1 2 light blue growth no growth growth weak 
RFR1 3 light blue growth no growth growth weak 
RFR1 4 light blue growth no growth growth weak 
RFR1 5 light blue growth no growth growth weak 
RFR1 6 light blue growth no growth growth weak 
RFR1 7 light blue growth no growth growth weak 
RFR1 8 light blue growth no growth growth weak 
RFR1 9 light blue growth no growth growth weak 
RFR1 10 light blue growth no growth growth weak 
RFR1 11 light blue growth no growth growth weak 
RFR1 12 light blue growth no growth growth weak 
RFR1 13 light blue growth no growth growth weak 
RFR1 14 light blue growth no growth growth weak 
RFR1 15 light blue growth no growth growth weak 
RFR1 16 light blue growth no growth growth weak 
RFR1 17 light blue growth no growth growth weak 
RFR1 18 light blue growth no growth growth weak 
RFR1 19 light blue growth no growth growth weak 
RFR1 20 light blue growth no growth growth weak 
RFR1 21 light blue growth no growth growth weak 
RFR1 22 light blue growth no growth growth weak 
RFR1 23 light blue growth no growth growth weak 
RFR1 24 light blue growth no growth growth weak 
RFR1 25 light blue growth no growth growth weak 
RFR1 26 light blue growth no growth growth weak 
RFR1 27 light blue growth no growth growth weak 
RFR1 28 light blue growth no growth growth weak 
RFR1 29 light blue growth no growth growth weak 
RFR1 30 light blue growth no growth growth weak 
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RFR1 31 light blue growth no growth growth weak 
RFR1 32 light blue growth no growth growth weak 
RFR1 33 light blue growth no growth growth weak 
RFR1 34 light blue growth no growth growth weak 
RFR1 35 light blue growth no growth growth weak 
RFR1 36 light blue growth no growth growth weak 
RFR1 37 light blue growth no growth growth weak 
RFR1 38 light blue growth no growth growth weak 
RFR1 39 light blue growth no growth growth weak 
RFR1 40 light blue growth no growth growth weak 
RFR1 41 light blue growth no growth growth weak 
RFR1 42 light blue growth no growth growth weak 
RFR1 43 light blue growth no growth growth weak 
RFR1 44 light blue growth no growth growth weak 
RFR1 45 light blue growth no growth growth weak 
RFR1 46 light blue growth no growth growth weak 
RFR1 47 light blue growth no growth growth weak 
RFR1 48 light blue growth no growth growth weak 
RFR1 49 light blue growth no growth growth weak 
RFR1 50 light blue growth no growth growth weak 
RFR1 51 light blue growth no growth growth weak 
RFR1 52 light blue growth no growth growth weak 
RFR1 53 light blue growth no growth growth weak 
RFR1 54 light blue growth no growth growth weak 
RFR1 55 light blue growth no growth growth weak 
RFR1 56 light blue growth no growth growth weak 
RFR1 57 light blue growth no growth growth weak 
RFR1 58 light blue growth no growth growth weak 
RFR1 59 light blue growth no growth growth weak 
RFR1 60 light blue growth no growth growth weak 
RFR1 61 light blue growth no growth growth weak 
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RFR1 62 light blue growth no growth growth weak 
RFR1 63 light blue growth no growth growth weak 
RFR1 64 light blue growth no growth growth weak 
RFR1 65 light blue growth no growth growth weak 
RFR1 66 light blue growth no growth growth weak 
RFR1 67 light blue growth no growth growth weak 
RFR1 68 light blue growth no growth growth weak 
RFR1 69 light blue growth no growth growth weak 
RFR1 70 light blue growth no growth growth weak 
RFR1 71 light blue growth no growth growth weak 
RFR1 72 light blue growth no growth growth weak 
RFR1 73 light blue growth no growth growth weak 
RFR1 74 light blue growth no growth growth weak 
RFR1 75 light blue growth no growth growth weak 
RFR1 76 light blue growth no growth growth weak 
RFR1 77 light blue growth no growth growth weak 
RFR1 78 light blue growth no growth growth weak 
RFR1 79 light blue growth no growth growth weak 
RFR1 80 light blue growth no growth growth weak 
RFR1 81 light blue growth no growth growth weak 
RFR1 82 light blue growth no growth growth weak 
RFR1 83 light blue growth no growth growth weak 
rfr1G388S 1 light blue growth no growth growth weak 
rfr1G388S 2 light blue growth no growth growth weak 
rfr1G388S 3 light blue growth no growth growth weak 
rfr1G388S 4 light blue growth no growth growth weak 
rfr1G388S 5 light blue growth no growth growth weak 
rfr1G388S 6 light blue growth no growth growth weak 
rfr1G388S 7 light blue growth no growth growth weak 
rfr1G388S 8 light blue growth no growth growth weak 
rfr1G388S 9 light blue growth no growth growth weak 
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rfr1G388S 10 light blue growth no growth growth weak 
ref4G383S 1 light blue growth no growth growth weak 
ref4G383S 2 light blue growth no growth growth weak 
ref4G383S 3 light blue growth no growth growth weak 
ref4G383S 4 light blue growth no growth growth weak 
ref4G383S 5 light blue growth no growth growth weak 
ref4G383S 6 light blue growth no growth growth weak 
ref4G383S 7 light blue growth no growth growth weak 
ref4G383S 8 light blue growth no growth growth weak 
ref4G383S 9 light blue growth no growth growth weak 
ref4G383S 10 light blue growth no growth growth weak 
ref4G383S 11 light blue growth no growth growth weak 
ref4G383S 12 light blue growth no growth growth weak 
ref4G383S 13 light blue growth no growth growth weak 
ref4G383S 14 light blue growth no growth growth weak 
ref4G383S 15 light blue growth no growth growth weak 
ref4G383S 16 light blue growth no growth growth weak 
ref4G383S 17 light blue growth no growth growth weak 
ref4G383S 18 light blue growth no growth growth weak 
ref4G383S 19 light blue growth no growth growth weak 
ref4G383S 20 light blue growth no growth growth weak 
ref4G383S 21 light blue growth no growth growth weak 
ref4G383S 22 light blue growth no growth growth weak 
ref4G383S 23 light blue growth no growth growth weak 
ref4G383S 24 light blue growth no growth growth weak 
ref4G383S 25 light blue growth no growth growth weak 
ref4G383S 26 light blue growth no growth growth weak 
ref4G383S 27 light blue growth no growth growth weak 
ref4G383S 28 light blue growth no growth growth weak 
ref4G383S 29 light blue growth no growth growth weak 
ref4G383S 30 light blue growth no growth growth weak 
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ref4G383S 31 light blue growth no growth growth weak 
ref4G383S 32 light blue growth no growth growth weak 
ref4G383S 33 light blue growth no growth growth weak 
ref4G383S 34 light blue growth no growth growth weak 
ref4G383S 35 light blue growth no growth growth weak 
ref4G383S 36 light blue growth no growth growth weak 
ref4G383S 37 light blue growth no growth growth weak 
ref4G383S 38 light blue growth no growth growth weak 
ref4G383S 39 light blue growth no growth growth weak 
ref4G383S 40 light blue growth no growth growth weak 
ref4G383S 41 light blue growth no growth growth weak 
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Table 2-5. Putative interactors identified using full-length Med5 after elimination 




in clone(s)  





Multiple AT5G60160 zinc dependent 
aminopeptidase 
FULL LENGTH 
Total length = 




Multiple AT2G18230 pyrophosporlyase Missing 
nucleotides  
Total length = 
657 bp/ 219 AA 





Total length = 
1206 bp/ 402 
AA 





Total length = 







in clone(s)  
AGI code Gene description Full length? 





= 1620 bp / 
540 AA 
ref4G383S #1 AT5G42710 unknown Missing 
nucleotides  
Total length 

































Table 2-6. Interaction between full-length AT2G18230 and AT4G18880 and 
MED5. 

























no growth growth  No 
AT2G18230 
+ RFR1 
































no growth growth  No 
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2.4 MATERIALS AND METHODS 
2.4.1 Y2H bait and prey construct 
 REF4, RFR1, ref4G383S and rfr1G388S, MED2 and MED3 full-length 
bait-DBD constructs were made by LR-reaction of their respective entry clones 
(pCC1389, pCC1467, pCC1814, pCC1728, pCC2224, pCC2225) with pDEST32, 
clones were selected on luria broth (LB)-Gentamycin plates (25 mg/mL) and 
sequenced by free-load PCR. REF4, RFR1, ref4G383S and rfr1G388S, MED2 
and MED3 full-length prey-AD constructs were made by LR-reaction of their 
respective entry clones (pCC1389, pCC1467, pCC1814, pCC1728, pCC2224, 
pCC2225) with pDEST22, clones were selected on LB-Ampicillin plates (100 
mg/mL) and sequenced by free-load PCR. The Arabidopsis stem prey-AD library 
was constructed by LR-reaction of a stem donor library with pDEST22 (each 
transformation was 25 ng donor DNA for every 150 ng pDEST22, ten reactions 
total), and the reactions were transformed into 50 µL electro-competent DH5α 
cells (ten transformations in total). Each transformation was added 1 mL SOC, 
incubated at 37oC for one hour, and added to 1 mL of freezing media (60% SOC, 
40% glycerol), pooled together, and aliquots (100 µL, 10, 1 uL) were used to titer 
the library and the rest was stored in -70oC. 
2.4.2 Yeast two-hybrid screen and reporter gene assay 
 Competent yeast strain MaV203 cells (Invitrogen) was grown(150mL 
culture volume) to an OD600 of ~0.6 to 0.8, spun down at 3000Xg, resuspended in 
50mL of water, spun down as before, and resuspended in 1.5mL 1xTE/1xLiOAc 
(10 mM Tris-EDTA pH 7.5/100 mM lithium acetate ). 50µL of competent MaV203 
cells was used for each transformation hereinafter. For screening of Arabidopsis 
stem prey-AD library, competent MaV203 cells were first transformed with each 
of the four full-length Med5 baits, selected on dropout media plate lacking 
leucine, and colonies were inoculated and grown overnight in dropout media 
lacking leucine and the transformed cells were then made competent as 
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described previously. For each bait, 30 aliquots of 50µL of cells were used, each 
transformed with ~1ug of Arabidopsis stem prey-AD library DNA. The 
transformants were then plated on 30 x 15 cm petri dishes with dropout media 
lacking leucine and tryptophan(SC-leu-trp media: 6.7 g yeast nitrogen base 
without amino acids, 2.7 g powder mix of all twenty amion acids minus leucine, 
tryptophan, and histidine per liter containing 1.6 mM uracil and 9 mM histidine), 
plus 50mM 3-aminotriazole (3AT). Viable colonies were then isolated, and 
streaked onto dropout media lacking uracil (SC-leu-trp-ura, positive selection for 
URA3), dropout media plus 0.2% 5-fluoroorotic Acid (SC-leu-trp+5FOA, negative 
selection for URA3), and dropout media lacking histidine plus 50mM 3AT (SC-
leu-trp+50 mM 3AT, positive selection for HIS3). To test lacZ activity, colonies 
were first streaked onto YPAD plates (rich medium 10 g of bacto-yeast extract, 
20 g of bacto-peptone, 20 g of dextrose, 100 mg of adenine sulfate per liter) onto 
which had been placed a sterilized nitrocellulose membrane, incubated for 24 
hours, and the membrane containing colonies were then lysed by suspending in 
liquid nitrogen for 20 seconds, and placed on top of filter papers soaked with 
Buffer Z (60mM Na2HPO4, 40mM NaH2PO4, 10mM KCl, 1mM MgSO4) plus 
50mM beta-mercaptoethanol and 2.5mM X-gal (5-bromo-4-chloro-3-indolyl-β-D-
galactopyranoside), and incubated at 37oC for 24 hours, and the colors of each 
transformants were evaluated.  
2.4.3 Screening of AT5G60160 and AT2G18230 homozygous T-DNA null 
mutants 
 Seeds of T-DNA lines of AT5G60160 and AT2G18230 (SALK_109569 
and SALK_093839 respectively) were grown under 16 hour light, 8 hour dark 
photoperiod in Redi-Earth Plug and Seedling Mixture at 22 to 24oC. Genomic 
DNA from individual plant was extracted by grinding approximately 50 mg of two-
week old rosette leaves and resuspend in 500 µL shorty extraction buffer (200 
mM Tris 9.0, 400 mM LiCl, 25 mM EDTA, 1% SDS), spun down at 12,000xg for 5 
minutes at room temperature, and 350 µL of the soluble lysate was incubated 
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with equal volume of isopropyl alcohol at room temperature for 5 minutes. The 
liquid was then spun down at 12,000xg for 15 minutes and the supernatant was 
removed. The pellet was allowed to dry and then was redissolved in 100 µL 
water. For each genomic DNA sample an LP-RP (left primer-right primer) as well 
as an BP-RP (border primer-right primer) PCR reaction were performed and 
homozygous individuals were selected on the basis of an absence of the LP-RP 
amplicon (approximately 900 bp) and the presence of the BP-RP amplicon (less 
than 900 bp but greater than 400 bp). Primers used: for SALK_109569, LP, 
CC4624, CGTTGATTTGCATTGTGTTTG; RP, CC4625, 
TAGATCATTGCAAACGCACTG; for SALK_093839, LP, CC4628, 
ACAGAGAAAAAGAGCCGGAAG; RP, CC4629, 
ATGTCCTGGTACTGATGCAGG; BP, CC2449, ATT TTG CCG ATT TCG GAA 
C. 
2.4.4 PCR of inserts from positive prey-AD clones  
 Individual colonies were inoculated and grown in SC-leu-trp liquid media 
overnight at 30oC shaking with at 150 rpm. 1 mL of Cells were spun down at 
10,000xg at room temperature and washed with water three times. Cell pellets 
were resuspended in 200µL yeast lysis buffer (2% Triton X-100, 1% SDS, 100 
mM NaCl, 10 mM Tris pH 8.0, 1 mM EDTA), 200µL phenol-chloroform-isoamyl 
alcohol (25 : 24: 1), and approximately 0.3 g of zirconia beads (Biospec 
Products), and vortexed at max speed for 3 minutes at room temperature. The 
mixtures were then spun down at 10,000xg at room temperature for 5 minutes 
and the aqueous layers were removed. Plasmid DNAs were precipitated by 
ethanol precipitation by the addition of 0.5 volumes of 7.5 M ammonium acetate 
plus two volumes of 100% EtOH, after which samples were incubated at -70oC 
for two hours and spun down. DNA pellets were washed with 70% EtOH three 
times and redissolved in 50 µL of water. PCR to amplify the inserts in each clone 
was then performed using the forward primer, CC4224, 
GTCACCTGGTTGGACGGACCA; and the reverse primer, CC4225, 
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TTCGTAAATTTCTGGCAAGG, each reactions were run on 0.8% agarose gel 
and the amplicons gel-purified using (Qiagen Qiaquick gel extraction kit) and sent 
for sequencing.  
2.4.5 HPLC analysis of soluble phenylpropanoids 
Twenty-day old whole rosette leaves and stems were harvested, crushed 
and extracted in 50/50 methanol/water (v/v) at a concentration of 100 mg tissue 
per mL for 1 hour at 65oC. Cell residues were sedimented by centrifugation at 
16,000xg at room temperature for 5 minutes. 10 µL of supernatants were loaded 
onto a Shim-pack XR-ODS column and eluted at a flow rate of 0.7 ml/min at an 
increasing concentration of acetonitrile from 10 to 35% over 9 min in 0.1% 





Unique proteins identified from cation-exchange purification, assorted by AGI 
codes.  
AGI code Gene Description Mass (Da) 
At1g01090 pyruvate dehydrogenase E1 alpha subunit  47144 
At1g01290 molybdopterin biosynthesis CNX3 protein 
(molybdenum dofactor biosynthesis enzyme CNX3)  
29494 
At1g01320 tetratricopeptide repeat (TPR)-containing protein  115812 
At1g01330 unknown protein 79444 
At1g01510 C-terminal binding protein (ANGUSTIFOLIA)  70106 
At1g01690 unknown protein 83962 
At1g01710 acyl CoA thioesterase -related  48125 
At1g01900 subtilisin-like serine protease, putative  83195 
At1g01970 pentatricopeptide (PPR) repeat-containing protein  46048 
At1g01980 FAD-linked oxidoreductase family  60064 
At1g02780 60S ribosomal protein L19 (RPL19A)  24591 
At1g02810 pectinesterase family  63912 
At1g02850 glycosyl hydrolase family 1  52635 
At1g02940 glutathione transferase, putative  29830 
At1g03060 putataive transport protein  400640 
At1g03930 protein kinase (ADK1)  52969 
At1g04170 translation initiation factor eIF-2 gamma subunit,  50821 
At1g04820 tubulin alpha-2/alpha-4 chain (TUA4)  49509 
At1g04920 sucrose-phosphate synthase, putative  119401 
At1g04980 protein disulfide isomerase family  47828 
At1g05190 ribosomal protein L6p family  24690 
At1g05590 glycosyl hydrolase family 20  64950 
At1g05660 polygalacturonase, putative  41827 
At1g06060 unknown protein 24540 
At1g06220 elongation factor Tu family protein  110372 
At1g06760 histone H1, putative  28929 
At1g06960 small nuclear ribonucleoprotein U2B  26206 
At1g07030 mitochondrial carrier protein family  35680 
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At1g07090 LIGHT SENSITIVE HYPOCOTYLS 6 21518 
At1g07550 leucine rich repeat protein kinase, putative  97810 
At1g07660 histone H4  11402 
At1g07770 40S ribosomal protein S15A (RPS15aA)  14795 
At1g07910 translation elongation factor EF-1 alpha  120065 
At1g07920 elongation factor 1-alpha (EF-1-alpha)  49471 
At1g08280 sialyltransferase family  45906 
At1g08735 MuDR MURA transposase -related  101835 
At1g08840 unknown protein 143159 
At1g08940 unknown protein 32658 
At1g08970 transcription factor Hap5a, putative  25624 
At1g09100 26S protease regulatory subunit 6A  47008 
At1g09150 unknown protein 20444 
At1g09340 RNA-binding protein -related  42593 
At1g09350 glycosyltransferase family 8  38652 
At1g09420 glucose-6-phosphate dehydrogenase -related  70159 
At1g09760 U2 small nuclear ribonucleoprotein A, putative  28024 
At1g09770 myb family transcription factor  95707 
At1g09870 unknown protein 54820 
At1g09940 glutamyl-tRNA reductase 2 (GluTR) (HEMA2)  58255 
At1g10290 phragmoplastin -related  99106 
At1g10522 unknown protein 20239 
At1g10580 transducin / WD-40 repeat protein family  65087 
At1g10700 phosphoribosyl diphosphate synthase  44669 
At1g10840 translation initiation factor -related  38348 
At1g11040 DnaJ protein family  48126 
At1g11410 S-locus protein kinase, putative  95322 
At1g11475 RNA polymerase II subunit Rpb10 -related  8309 
At1g11580 pectin methylesterase, putative  61648 
At1g11860 aminomethyltransferase-related precursor protein  44417 
At1g12040 leucine-rich repeat extensin family  80941 
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At1g12470 unknown protein 113008 
At1g12840 vacuolar ATP synthase subunit C -related  42593 
At1g12900 calcium-binding protein, calreticulin -related  42820 
At1g13190 RNA recognition motif (RRM)-containing protein  61361 
At1g13270 methionine aminopeptidase I (MAP1) -related  40398 
At1g13440 glyceraldehyde-3-phosphate dehydrogenase -
related  
36890 
At1g13640 phosphatidylinositol 3- and 4-kinase family  69528 
At1g13690 AtE1 protein  19797 
At1g13960 WRKY family transcription factor  55781 
At1g13980 pattern formation protein EMB30  162514 
At1g14430 unknown protein 95500 
At1g14470 pentatricopeptide (PPR) repeat-containing protein  61702 
At1g14610 valyl-tRNA synthetase -related  125846 
At1g15210 ABC transporter family protein  162466 
At1g15240 unknown protein 80020 
At1g15290 tetratricopeptide repeat (TPR)-containing protein  171407 
At1g15350 unknown protein 17145 
At1g15420 unknown protein 30315 
At1g15940 unknown protein 109527 
At1g16030 heat shock protein hsp70b  70870 
At1g16110 WAK-like kinase (WLK)  70771 
At1g16210 unknown protein 26810 
At1g16810 unknown protein 16372 
At1g17220 translation initiation factor IF-2, chloroplast precursor  109679 
At1g17690 unknown protein 86866 
At1g17880 transcription factor -related  17935 
At1g18440 unknown protein 31541 
At1g18540 60S ribosomal protein L6 (RPL6A)  26136 
At1g18850 unknown protein 43921 
At1g19025 unknown protein 62104 
At1g19140 unknown protein 34319 
At1g19430 dehydration-induced protein-related  82609 
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At1g19710 glycosyltransferase family 1  53704 
At1g19990 unknown protein 28219 
At1g20010 tubulin beta-5 chain (TUB5)  50310 
At1g20370 unknown protein 61511 
At1g20650 protein kinase -related  65474 
At1g20693 unknown protein 15972 
At1g20960 U5 small nuclear ribonucleoprotein helicase, 
putative  
246950 
At1g20970 unknown protein 165140 
At1g21600 unknown protein 37353 
At1g21640 unknown protein 109119 
At1g21850 pectinesterase (pectin methylesterase), putative  61337 
At1g21980 phosphatidylinositol-4-phosphate 5-kinase -related  85891 
At1g22100 unknown protein 51936 
At1g22260 unknown protein 98196 
At1g22275 unknown protein 98961 
At1g22530 unknown protein 75962 
At1g23010 multicopper oxidase, type 1 family  65956 
At1g23200 pectinesterase family  61232 
At1g23220 dynein light subunit lc6, flagellar outer arm  14713 
At1g23570 unknown protein 30532 
At1g23770 F-box protein family  39928 
At1g23860 splicing factor SRZ_21  21524 
At1g24180 pyruvate dehydrogenase E1 alpha subunit  43331 
At1g24280 glucose-6-phosphate 1-dehydrogenase  67316 
At1g24360 3-oxoacyl-[acyl-carrier-protein] reductase 33527 
At1g24450 ribonuclease III -related  20729 
At1g24706 Encodes a component of the putative Arabidopsis 
THO/TREX complex 
191548 
At1g25240 unknown protein 43382 
At1g25260 unknown protein 27225 
At1g25350 glutamine-tRNA ligase (glutaminyl-tRNA synthetase) 
(GlnRS), putative  
91189 
At1g26230 chaperonin, putative  66755 
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At1g26270 phosphatidylinositol 3- and 4-kinase family  70215 
At1g26420 FAD-linked oxidoreductase family  59180 
At1g26630 initiation factor 5A-4 -related  17129 
At1g26840 unknown protein 33080 
At1g26880 60S ribosomal protein L34 (RPL34A)  13697 
At1g27200 unknown protein 66318 
At1g27280 unknown protein 26357 
At1g27750 unknown protein 216737 
At1g28060 unknown protein 88584 
At1g28290 prolin-rich protein -related  38464 
At1g29320 transducin / WD-40 repeat protein family  52239 
At1g29530 unknown protein 24871 
At1g29650 reverse transcriptase (RNA-dependent DNA 
polymerase), putative  
177513 
At1g29940 DNA-directed RNA polymerase subunit -related  125059 
At1g30380 photosystem I subunit X precursor  13198 
At1g30420 ABC transporter -related  167392 
At1g30580 GTP-binding protein -related  44443 
At1g30700 FAD-linked oxidoreductase family  59476 
At1g30710 FAD-linked oxidoreductase family  59292 
At1g30740 FAD-linked oxidoreductase family  59832 
At1g30755 unknown protein 69352 
At1g31220 phosphoribosylglycinamide formyltransferase  32150 
At1g31280 unknown protein 113253 
At1g31350 F-box protein family  44121 
At1g31440 SH3 domain-containing protein 1  49228 
At1g31660 bystin -related  51165 
At1g31817 chloroplast 30S ribosomal protein S11, putative  33905 
At1g31870 unknown protein 64620 
At1g31970 DEAD/DEAH box helicase, putative  59566 
At1g32150 G-Box binding protein -related  40656 
At1g32170 xyloglucan endotransglycosylase (XTR4), putative  39863 
At1g32190 unknown protein 46361 
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At1g32340 RING finger protein -related  78546 
At1g32380 ribose-phosphate pyrophosphokinase 2  43306 
At1g32400 senescence-associated protein family  31535 
At1g32750 HAC13 protein  217059 
At1g32880 importin alpha -related  20792 
At1g32920 unknown protein 8393 
At1g33040 unknown protein 22766 
At1g33330 peptide chain release factor, putative  27629 
At1g33590 disease resistance protein-related (LRR)  51709 
At1g33610 leucine rich repeat protein family  99815 
At1g33770 protein kinase -related  68425 
At1g33960 AVRRPT2-INDUCED GENE 1 40044 
At1g33980 unknown protein 53772 
At1g34070 unknown protein 35267 
At1g34320 unknown protein 72795 
At1g34430 dihydrolipoamide S-acetyltransferase -related  48277 
At1g34575 FAD-linked oxidoreductase family  59016 
At1g34730 hypothetical protein common family  18228 
At1g35140 phosphate-induced (phi-1) protein -related  33164 
At1g35160 14-3-3 protein GF14 phi (grf4)  30175 
At1g36240 60S ribosomal protein L30 (RPL30A)  12310 
At1g36310 unknown protein 44932 
At1g36370 hydroxymethyltransferase -related  66251 
At1g36730 Eukaryotic translation initiation factor 5 -related  48591 
At1g37150 biotin holocarboxylase synthetase -related  32618 
At1g41830 pectinesterase (pectin methylesterase) -related  60540 
At1g42440 unknown protein 89399 
At1g42970 glyceraldehyde-3-phosphate dehydrogenase  47630 
At1g43570 unknown protein 40093 
At1g43700 VirE2-interacting protein VIP1  37768 
At1g43860 unknown protein 42204 
At1g44130 nucellin protein, putative  43932 
At1g44170 aldehyde dehydrogenase, putative (ALDH)  53125 
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At1g44910 ATPRP40A 108297 
At1g45000 26S proteasome regulatory particle triple-A ATPase 
subunit4 -related  
44727 
At1g45110 unknown protein 38029 
At1g45233 conserved hypothetical protein  51305 
At1g47290 3-beta hydroxysteroid dehydrogenase/isomerase 
family  
48094 
At1g48050 regulatory protein -related  76639 
At1g48160 signal recognition particle 19 kDa protein subunit -
related  
16264 
At1g48300 unknown protein 30779 
At1g48540 leucine rich repeat protein-related  111040 
At1g48610 regulatory protein HAL3B  21661 
At1g48620 unknown protein 51360 
At1g48760 delta-adaptin, putative  97093 
At1g48920 nucleolin, putative  58739 
At1g49490 leucine-rich repeat extensin family  90933 
At1g49670 oxidoreductase, zinc-binding dehydrogenase family  67901 
At1g49750 leucine rich repeat protein family  54373 
At1g49780 unknown protein 45934 
At1g50840 DNA polymerase A family protein -related  117160 
At1g50900 unknown protein 19178 
At1g52420 glycosyltransferase family 1  75589 
At1g52450 unknown protein 129766 
At1g52460 unknown protein 14456 
At1g52500 mutM homologue-1  43168 
At1g53050 cell division-related protein -related  77459 
At1g53310 phosphoenolpyruvate carboxylase 1 -related  110217 
At1g53350 disease resistance protein (CC-NBS-LRR class), 
putative  
103996 
At1g53460 unknown protein 36488 
At1g53470 unknown protein 100351 
At1g53720 cyclophilin-RNA interacting protein, putative  58793 
At1g53830 pectin methylesterase (PMEU1) -related  64133 
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At1g54060 unknown protein 41706 
At1g54220 dihydrolipoamide S-acetyltransferase -related  58431 
At1g54250 RNA polymerase II subunit -related  16501 
At1g54410 dehydrin protein family  10789 
At1g54610 CRK1 protein -related  63249 
At1g55190 unknown protein 21058 
At1g55660 F-box protein family  56538 
At1g56070 elongation factor -related  93830 
At1g56110 nucleolar protein Nop56, putative  58636 
At1g56170 transcription factor Hap5a, putative  23109 
At1g56410 heat shock protein hsp70t-1  68314 
At1g56670 GDSL-motif lipase/hydrolase protein  41549 
At1g56700 unknown protein 24031 
At1g57590 pectinacetylesterase, putative  47423 
At1g58170 disease resistance response protein-related/ dirigent 
protein-related  
20550 
At1g58250 unknown protein 292705 
At1g58290 glutamyl-tRNA reductase 1 (GluTR) (HEMA1)  59478 
At1g58390 disease resistance protein (CC-NBS-LRR class), 
putative  
104529 
At1g58602 disease resistance protein (CC-NBS-LRR class), 
putative  
131570 
At1g58848 disease resistance protein (CC-NBS-LRR class), 
putative  
108264 
At1g59610 dynamin-related protein  100167 
At1g59760 ATP-dependent RNA helicase, putative  111816 
At1g59780 disease resistance protein (CC-NBS-LRR class), 
putative  
103564 
At1g59870 ABC transporter family protein  164975 
At1g59980 Altered Response to Gravity (ARG1) protein, 
putative  
46756 
At1g60090 glycosyl hydrolase family 1  57934 
At1g60200 RNA recognition motif (RRM)-containing protein  85935 
At1g60260 glycosyl hydrolase family 1  51060 
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At1g60270 glycosyl hydrolase family 1  53725 
At1g60400 F-box protein family  45834 
At1g60560 unknown protein 80926 
At1g60620 RNA polymerase subunit  43340 
At1g60850 RNA polymerase subunit  41753 
At1g61000 unknown protein 111589 
At1g61040 unknown protein 71277 
At1g61150 unknown protein 27768 
At1g61730 unknown protein 40855 
At1g61850 patatin family  139960 
At1g61970 unknown protein 46922 
At1g62150 unknown protein 52032 
At1g62330 unknown protein 75629 
At1g62440 leucine-rich repeat extensin family  89747 
At1g62770 pectinesterase family  22670 
At1g62810 amine oxidase -related  80087 
At1g62850 unknown protein 12451 
At1g62870 unknown protein 89870 
At1g63210 chromatin structure regulator -related  138045 
At1g63680 UDP-N-acetylmuramoylalanyl-D-glutamate--2, 6-
diaminopimelate ligase -related  
84970 
At1g63780 U3 small nucleolar ribonucleo proteinprotein -related  34085 
At1g63810 unknown protein 120056 
At1g64430 unknown protein 61583 
At1g64490 unknown protein 14180 
At1g64790 translational activator family  263916 
At1g64810 unknown protein 49595 
At1g65030 transducin / WD-40 repeat protein family  37432 
At1g65290 acyl carrier protein family  14158 
At1g65342 unknown protein 12761 
At1g65590 unknown protein 59976 
At1g66070 unknown protein 25491 
At1g66260 RNA and export factor binding protein, putative  31299 
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At1g66520 formyltransferase, putative  38479 
At1g66750 cell division protein kinase, putative  39176 
At1g66910 protein kinase, putative  72967 
At1g66950 ABC transporter family protein  165087 
At1g67580 protein kinase family  85198 
At1g67680 SRP72 RNA-binding protein 73025 
At1g67960 unknown protein 70360 
At1g68260 thioesterase-related  21526 
At1g68790 nuclear matrix constituent protein 1 (NMCP1) -
related  
127126 
At1g69200 pfkB type carbohydrate kinase protein family  68936 
At1g69250 NTF2-containing RNA-binding protein, putative  46646 
At1g69410 Eukaryotic initiation factor 5A -related  17197 
At1g69530 expansin, putative (EXP1)  29261 
At1g70070 DEAD/DEAH box helicase, putative  132354 
At1g70200 RNA recognition motif (RRM)-containing protein  60302 
At1g70520 protein kinase -related  71954 
At1g70530 protein kinase -related  71565 
At1g70750 IFA-binding protein  51129 
At1g70770 unknown protein 66823 
At1g71040 multicopper oxidase, type 1 family  66123 
At1g71300 ARE1-related protein  80662 
At1g71350 unknown protein 62318 
At1g71380 glycosyl hydrolase family 9  53240 
At1g71530 protein kinase -related  72397 
At1g71850 unknown protein 53847 
At1g71950 unknown protein 14843 
At1g72150 cytosolic factor -related  64007 
At1g72440 unknown protein 118518 
At1g72600 proline-rich protein family  15226 
At1g72620 hydrolase, alpha/beta fold family  37893 
At1g72710 casein kinase, putative  51847 
At1g72960 root hair defective -related  83720 
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At1g73030 developmental protein DG1118 -related  22676 
At1g73230 transcription factor BTF3 (RNA polymerase B 
transcription factor 3) -related  
17993 
At1g73340 cytochrome P450 family  58260 
At1g73690 cell division protein kinase, putative  45110 
At1g74050 60S ribosomal protein L6 (RPL6C)  26091 
At1g74060 60S ribosomal protein L6 (RPL6B)  25992 
At1g74210 glycerophosphodiester phosphodiesterase -related  44993 
At1g74250 heat shock protein -related  72431 
At1g74380 transferase - related  51695 
At1g74850 pentatricopeptide (PPR) repeat-containing protein  96264 
At1g75140 unknown protein 68866 
At1g75770 unknown protein 25985 
At1g75780 tubulin beta-1 chain (TUB1)  50185 
At1g75950 E3 ubiquitin ligase SCF complex subunit, 
SKP1/ASK1 (At1)  
17846 
At1g76040 calcium-dependent protein kinase, putative (CDPK)  37138 
At1g76160 pectinesterase (pectin methylesterase), putative  60003 
At1g76720 translation initiation factor IF-2 -related  132468 
At1g77110 auxin transport protein, putative  62003 
At1g77180 unknown protein 69380 
At1g77360 pentatricopeptide (PPR) repeat-containing protein  55651 
At1g77410 glycosyl hydrolase family 35 (beta-galactosidase)  91590 
At1g77800 unknown protein 159834 
At1g77840 eukaryotic initiation factor 5 (eIF-5) -related  48609 
At1g78060 glycosyl hydrolase family 3  83839 
At1g78490 cytochrome P450 family  54960 
At1g78790 unknown protein 11674 
At1g78900 ATPase 70 kDa subunit -related  68769 
At1g79160 unknown protein 26033 
At1g79350 unknown protein 141886 
At1g79540 pentatricopeptide (PPR) repeat-containing protein  88793 
At1g79850 chloroplast 30S ribosomal protein S17 (CS17)  16272 
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At1g80070 splicing factor Prp8 -related  277951 
At1g80200 unknown protein 25992 
At1g80240 unknown protein 40201 
At1g80270 DNA binding protein, putative  67240 
At1g80310 sulfate transporter -related  49519 
At1g80380 auxin-regulated protein  50986 
At1g80410 acetyltransferase - related  102082 
At1g80930 eukaryotic initiation factor 4 (eIF4) family protein  103953 
At2g01210 leucine-rich repeat transmembrane protein kinase, 
putative  
78258 
At2g01250 60S ribosomal protein L7 (RPL7B)  28153 
At2g01600 unknown protein 63590 
At2g01670 MutT/nudix family protein  21038 
At2g01860 pentatricopeptide (PPR) repeat-containing protein  22219 
At2g01880 purple acid phosphatase (PAP7)  37525 
At2g01920 unknown protein 35698 
At2g02380 glutathione transferase, putative  25336 
At2g03150 calmodulin -related  143188 
At2g03270 helicase -related  70806 
At2g04520 translation initiation factor eIF-1A -related  16627 
At2g04865 serine/threonine phosphatase PP7 -related  75461 
At2g05920 subtilisin-like serine protease, putative  79965 
At2g05980 reverse transcriptase (RNA-dependent DNA 
polymerase) family protein  
154946 
At2g06210 phosphoprotein - related  56303 
At2g06500 transposase-related  68026 
At2g07020 protein kinase family  68870 
At2g07360 SH3 domain-containing protein  54375 
At2g07370 unknown protein 62055 
At2g07640 unknown protein 16836 
At2g07690 minichromosome maintenance (MCM) family  80964 
At2g10460 hypothetical protein common family  27965 
At2g11520 protein kinase family  57422 
71 
 
AGI code Gene Description Mass (Da) 
At2g13370 chromodomain-helicase-DNA-binding (CHD) protein 
family  
198575 
At2g14080 disease resistance protein (TIR-NBS-LRR class), 
putative  
137829 
At2g14530 unknown protein 46432 
At2g14880 unknown protein 15892 
At2g15000 unknown protein 9977 
At2g15620 ferredoxin--nitrite reductase  65464 
At2g15940 Ac-related transposase  53605 
At2g16015 unknown protein 12857 
At2g16360 40S ribosomal protein S25 (RPS25A)  14299 
At2g16430 purple acid phosphatase (PAP10)  54184 
At2g16470 unknown protein 71060 
At2g16480 unknown protein 43844 
At2g16870 disease resistance protein (TIR-NBS-LRR class), 
putative sdfsfs  
125600 
At2g17530 protein kinase family  49695 
At2g17560 HMG protein -related  15411 
At2g17630 phosphoserine aminotransferase -related  46604 
At2g17970 oxidoreductase, 2OG-Fe(II) oxygenase family  57391 
At2g18020 60S ribosomal protein L8 (RPL8A)  27842 
At2g18220 unknown protein 88679 
At2g18280 F-box containing tubby family protein  43851 
At2g18720 translation initiation factor eIF-2 gamma subunit, 
putative  
50753 
At2g18740 small nuclear ribonucleo protein E -related  10292 
At2g18900 transducin / WD-40 repeat protein family  87957 
At2g19430 transducin / WD-40 repeat protein family  40048 
At2g19470 casein kinase, putative  48891 
At2g19480 nucleosome assembly protein -related  43516 
At2g19520 WD-40 repeat protein (MSI4)  55725 
At2g19540 transducin / WD-40 repeat protein family  51372 
At2g19670 protein arginine N-methyltransferase, putative  41145 
At2g19840 copia-related retroelement pol polyprotein  129693 
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At2g19870 unknown protein 65520 
At2g19940 N-acetyl-gamma-glutamyl-phosphate reductase -
related  
39576 
At2g19970 pathogenesis-related protein, putative  19940 
At2g20190 unknown protein 147022 
At2g20450 60S ribosomal protein L14 (RPL14A)  15497 
At2g20560 heat shock protein, putative  37086 
At2g20760 unknown protein 37202 
At2g21140 proline-rich protein family  35484 
At2g21380 kinesin-related protein  117017 
At2g21440 RNA recognition motif (RRM)-containing protein  111997 
At2g21460 retroelement pol polyprotein -related  152570 
At2g22070 pentatricopeptide (PPR) repeat-containing protein  87975 
At2g22200 AP2 domain transcription factor  29774 
At2g22230 beta-hydroxyacyl-ACP dehydratase family  24226 
At2g22400 unknown protein 89756 
At2g23070 casein kinase II alpha chain, putative  50205 
At2g23080 casein kinase II alpha chain, putative  39284 
At2g23480 unknown protein 79047 
At2g23730 unknown protein 24931 
At2g23930 small nuclear ribonucleo protein E -related  8834 
At2g24060 chloroplast initiation factor 3 -related  35120 
At2g24255 unknown protein 37903 
At2g24330 unknown protein 45897 
At2g25140 HSP100/ClpB, putative  108595 
At2g25170 chromatin remodeling factor CHD3 (PICKLE)  158306 
At2g25290 octicosapeptide/Phox/Bem1p (PB1) domain-
/tetratricopeptide repeat (TPR)-containing protein  
78496 
At2g25320 unknown protein 186524 
At2g25350 unknown protein 72778 
At2g25420 unknown protein 81951 
At2g25430 unknown protein 72039 
At2g25650 unknown protein 43323 
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At2g25670 unknown protein 35108 
At2g25720 unknown protein 13018 
At2g25830 unknown protein 36791 
At2g25840 trytophanyl-tRNA synthetase -related  45271 
At2g26030 F-box protein family  51420 
At2g26440 pectinesterase family  60379 
At2g26890 DnaJ domain-containing protein  276610 
At2g27110 Mutator-related transposase  96196 
At2g27170 chromosome associated protein -related  138273 
At2g27470 CCAAT-binding transcription factor subunit -related  30532 
At2g27590 unknown protein 42859 
At2g28520 vacuolar proton-ATPase subunit -related  93355 
At2g28950 expansin, putative  27800 
At2g29550 tubulin beta-7 chain (TUB7)  50714 
At2g29580 RRM-containing RNA-binding protein, putative  54218 
At2g30100 unknown protein, leucine-rich repeat -related  100734 
At2g30160 mitochondrial carrier protein family  35938 
At2g30260 small nuclear ribonucleoprotein U2B (spliceosomal 
protein), putative  
26220 
At2g30320 pseudouridine synthase -related  58935 
At2g30620 histone H1  28470 
At2g30800 DEIH-box RNA/DNA helicase, putative  118949 
At2g31250 glutamyl-tRNA reductase, putative  58654 
At2g31320 poly (ADP-ribose) polymerase -related  111162 
At2g31370 bZIP transcription factor (POSF21)  44662 
At2g31800 protein kinase -related  55279 
At2g31830 inositol polyphosphate 5~-phosphatase family  125630 
At2g31870 poly(ADP-ribose) glycohydrolase -related  62130 
At2g31960 callose synthase (1,3-beta-glucan synthase) family  226926 
At2g32180 unknown protein 16318 
At2g32230 pentatricopeptide (PPR) repeat-containing protein  64835 
At2g32920 protein disulfide isomerase family  47724 
At2g33050 disease resistance protein family (LRR)  89061 
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At2g33150 acetyl-CoA C-acyltransferase (3-ketoacyl-CoA 
thiolase), putative  
48548 
At2g33210 chaperonin, putative  61939 
At2g33250 unknown protein 33982 
At2g33340 transducin / WD-40 repeat protein family  58470 
At2g33490 unknown protein 69338 
At2g33530 serine carboxypeptidase -related  51851 
At2g33730 DEAD box RNA helicase, putative  85225 
At2g34050 unknown protein 28360 
At2g34355 Major facilitator superfamily protein 192515 
At2g34640 unknown protein 60857 
At2g34790 FAD-linked oxidoreductase family  59609 
At2g34920 conserved hypothetical protein  89066 
At2g34970 translation initiation factor family  81812 
At2g35040 phosphoribosylaminoimidazolecarboxamide 
formyltransferase -related  
64866 
At2g35390 phosphoribosyl pyrophosphate synthetase  43667 
At2g35530 G-box binding bZIP transcription factor -related  43069 
At2g35920 helicase domain-containing protein  110969 
At2g36160 40S ribosomal protein S14 (RPS14A)  16247 
At2g36790 glucosyl transferase -related  55893 
At2g37040 phenylalanine ammonia lyase (PAL1)  78676 
At2g37060 CCAAT-box binding trancription factor -related  13660 
At2g37190 60S ribosomal protein L12 (RPL12A)  17931 
At2g37400 chloroplast lumen common protein family  38132 
At2g37640 expansin, putative (EXP3)  28248 
At2g37970 unknown protein 24909 
At2g37990 unknown protein 35509 
At2g38040 alpha-carboxyltransferase -related  85253 
At2g38130 N-acetyltransferase, putative  22108 
At2g38140 chloroplast 30S ribosomal protein S31  12776 
At2g38250 GT-1-related transcription factor  34286 
At2g38430 unknown protein 45592 
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At2g38580 unknown protein 41880 
At2g38760 annexin -related  36233 
At2g38770 unknown protein 172913 
At2g39700 expansin, putative (EXP4)  27830 
At2g39990 26S proteasome regulatory subunit  31842 
At2g40060 unknown protein 28819 
At2g40290 eukaryotic translation initiation factor 2 alpha 
subunit, eIF2 -related  
38723 
At2g40300 ferritin -related  29011 
At2g40360 transducin / WD-40 repeat protein family  86883 
At2g40430 unknown protein 50131 
At2g40450 unknown protein 23489 
At2g40660 methionyl-tRNA synthetase -related  42062 
At2g40700 DEAD/DEAH box helicase, putative  68171 
At2g40840 glycosyl hydrolase family 77 (4-alpha-
glucanotransferase)  
84282 
At2g40980 unknown protein 69062 
At2g41440 unknown protein 64217 
At2g41630 transcription factor IIB (TFIIB)  34250 
At2g41650 unknown protein 7419 
At2g41800 unknown protein 40345 
At2g41810 unknown protein 40237 
At2g41980 seven in absentia (sina) protein family  34535 
At2g42100 unknown protein 42090 
At2g42170 actin, putative  37058 
At2g42480 unknown protein 86367 
At2g42610 unknown protein 19779 
At2g42700 unknown protein 86321 
At2g43110 unknown protein 32550 
At2g43200 dehydration-induced protein family  70191 
At2g43610 glycosyl hydrolase family 19 (chitinase)  29980 
At2g43690 receptor lectin kinase, putative  74351 
At2g43710 stearoyl-ACP desaturase 45622 
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At2g43770 transducin / WD-40 repeat protein family  37862 
At2g44120 60S ribosomal protein L7 (RPL7C)  28502 
At2g44170 N-myristoyltransferase -related  29526 
At2g44180 methionine aminopeptidase -related  49364 
At2g44410 unknown protein 45808 
At2g44450 glycosyl hydrolase family 1  56869 
At2g44510 unknown protein 37922 
At2g44530 phosphoribosyl pyrophosphate synthetase -related  42598 
At2g44540 glycosyl hydrolase family 9  53387 
At2g44550 glycosyl hydrolase family 9  53414 
At2g44760 unknown protein 56327 
At2g45040 metallo proteinase -related  38482 
At2g45220 pectinesterase family  55941 
At2g45330 unknown protein 28723 
At2g45460 unknown protein 101367 
At2g45730 unknown protein 49379 




At2g46560 transducin / WD-40 repeat protein family  271074 
At2g47330 DEAD/DEAH box helicase, putative  82999 
At2g47470 protein disulfide isomerase family  39472 
At2g47550 pectinesterase family  61459 
At2g47580 small nuclear ribonucleoprotein (spliceosomal 
protein) U1A  
28056 
At2g47610 60S ribosomal protein L7A (RPL7aA)  29111 
At3g01085 cdc2-related protein  60589 
At3g01720 unknown protein 91391 
At3g01780 unknown protein 130825 
At3g01800 ribosome recycling factor -related  31235 
At3g01810 unknown protein 101641 
At3g02100 glycosyltransferase family  51467 
At3g02200 unknown protein 46755 
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At3g02320 N2,N2-dimethylguanosine tRNA methyltransferase -
related  
66753 
At3g02630 stearoyl-acyl-carrier-protein desaturase family 
protein 
45274 
At3g02710 unknown protein 60108 
At3g02760 histidyl tRNA synthetase -related  54451 
At3g02950 unknown protein 27444 
At3g03340 unknown protein 47326 
At3g03640 glycosyl hydrolase family 1  59770 
At3g03850 auxin-induced (indole-3-acetic acid induced) protein, 
putative  
10193 
At3g03960 chaperonin, putative  58902 
At3g04140 unknown protein 72311 
At3g04260 unknown protein 103054 
At3g04380 SET-domain transcriptional regulator family  55819 
At3g04500 RNA recognition motif (RRM)-containing protein  26975 
At3g04510 unknown protein 22760 
At3g04600 tryptophanyl-tRNA synthetase -related  45725 
At3g04650 unknown protein 52330 
At3g04930 unknown protein 49676 
At3g05050 cyclin-dependent protein kinase -related  66664 
At3g05060 SAR DNA-binding protein, putative  58966 
At3g05530 26S proteasome AAA-ATPase subunit RPT5a  47450 
At3g05740 DNA helicase (recQl1)  68457 
At3g05820 alkaline/neutral invertase -related  71874 
At3g06400 DNA-dependent ATPase, putative  122352 
At3g06455 unknown protein  40268 
At3g06610 unknown protein 12788 
At3g06730 thioredoxin family  20657 
At3g06810 acetyl-coA dehydrogenase -related  91655 
At3g06860 fatty acid multifunctional protein (AtMFP2)  78790 
At3g07230 wound-induced basic protein -related  5302 
At3g07300 unknown protein 43572 
At3g07320 glycosyl hydrolase family 17  50572 
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At3g07740 transcriptional adaptor (ADA2a) protein  62003 
At3g07770 heat shock protein -related  90900 
At3g07800 thymidine kinase -related  26062 
At3g08530 clathrin heavy chain -related  132294 
At3g08970 DnaJ protein family  62531 
At3g09440 heat shock protein hsc70-3 (hsc70.3)  71103 
At3g09500 60S ribosomal protein L35 (RPL35A)  14276 
At3g09670 PWWP domain protein  79223 
At3g09840 transitional endoplasmic reticulum ATPase -related  89337 
At3g09850 unknown protein 84170 
At3g09880 B~ regulatory subunit of PP2A (AtB~beta)  57436 
At3g09980 unknown protein 20575 
At3g10270 DNA topoisomerase  72447 
At3g10330 transcription initiation factor IIB (TFIIB)  34200 
At3g10400 RNA recognition motif (RRM)-containing protein  29350 
At3g10530 transducin / WD-40 repeat protein family  60223 
At3g10640 unknown protein 26154 
At3g10690 DNA gyrase subunit A -related  104472 
At3g10720 pectinesterase, putative  67913 
At3g11130 clathrin heavy chain -related  193122 
At3g11250 60S acidic ribosomal protein P0 (RPP0C)  34369 
At3g11325 unknown protein 45513 
At3g11450 cell division protein - related  75759 
At3g11590 unknown protein 69643 
At3g11660 harpin-induced protein 1 family (HIN1)  23649 
At3g11710 lysyl-tRNA synthetase, putative  70843 
At3g11830 chaperonin, putative  59739 
At3g11950 UbiA prenyltransferase family  106581 
At3g11964 unknown protein 204915 
At3g12020 kinesin-related protein  116316 
At3g12250 bZIP transcription factor, TGA6  36828 
At3g12260 unknown protein 15073 
At3g12290 tetrahydrofolate dehydrogenase/cyclohydrolase,  31570 
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At3g12390 nascent polypeptide associated complex alpha chain 
-related  
21969 
At3g12570 unknown protein 55242 
At3g12580 heat shock protein hsp70  71057 
At3g12700 unknown protein 50536 
At3g12800 unknown protein 31777 
At3g12860 nucleolar protein Nop56, putative  53647 
At3g13070 hemolysin-related  73706 
At3g13100 ABC transporter family protein  167697 
At3g13210 crn-related protein  78053 
At3g13290 transducin / WD-40 repeat protein family  143803 
At3g13300 transducin / WD-40 repeat protein family  145630 
At3g13330 unknown protein 191299 
At3g13570 arginine/serine-rich splicing factor SCL30a  30208 
At3g13580 60S ribosomal protein L7 (RPL7D)  28415 
At3g13650 disease resistance response protein-related/ dirigent 
protein-related  
20416 
At3g13790 glycosyl hydrolase family 32  66239 
At3g13870 root hair defective 3 (RHD3)  89036 
At3g13930 acetyltransferase -related  58431 
At3g13940 unknown protein 50594 
At3g14250 unknown protein 35043 
At3g14310 pectin methylesterase -related  64216 
At3g14460 disease resistance protein (NBS-LRR class), 
putative  
158807 
At3g14590 C2 domain-containing protein  79717 
At3g15000 unknown protein 42843 
At3g15354 WD-40 repeat protein family  93327 
At3g15620 6-4 photolyase (UVR3)  63749 
At3g15770 unknown protein 18135 
At3g15940 glycosyltransferase family 1  78658 
At3g16230 unknown protein 46011 
At3g16340 ABC transporter family protein  160195 
At3g16950 dihydrolipoamide dehydrogenase 1  60719 
80 
 
AGI code Gene Description Mass (Da) 
At3g17330 unknown protein 65609 
At3g17570 unknown protein 44438 
At3g17880 thioredoxin, putative  42820 
At3g17920 leucine rich repeat protein family  108890 
At3g18035 unknown protein 43524 
At3g18070 glycosyl hydrolase family 1  57208 
At3g18080 glycosyl hydrolase family 1  58946 
At3g18165 unknown protein 29661 
At3g18580 unknown protein 24199 
At3g18600 DEAD/DEAH box helicase, putative  63777 
At3g18790 unknown protein 35355 
At3g19020 leucine-rich repeat extensin family  102758 
At3g19050 kinesin-related protein  306370 
At3g19120 unknown protein 49386 
At3g19380 unknown protein 46027 
At3g19840 unknown protein 83141 
At3g20050 T-complex protein 1, alpha subunit/chaperonin  59192 
At3g20210 vacuolar processing enzyme/asparaginyl 
endopeptidase -related  
52052 
At3g20230 unknown protein 21108 
At3g20250 pumilio-family RNA-binding protein, putative  106928 
At3g20540 DNA polymerase -related  115111 
At3g20670 histone H2A, putative  13841 
At3g20680 unknown protein 37413 
At3g20820 disease resistance protein family (LRR)  39837 
At3g20975 unknown protein 117812 
At3g21040 unknown protein 61651 
At3g21540 transducin / WD-40 repeat protein family  105244 
At3g21730 unknown protein 18024 
At3g21750 UDP-glycosyltransferase family  52633 
At3g22060 receptor protein kinase-related  27846 
At3g22170 far-red impaired response protein -related  95935 
At3g22220 unknown protein 86191 
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At3g22320 DNA-directed RNA polymerase (RNA polymerase), 
putative  
24286 
At3g22380 unknown protein 164354 
At3g22520 unknown protein 67529 
At3g22660 unknown protein 33185 
At3g22800 leucine-rich repeat extensin family  52301 
At3g23070 unknown protein 100107 
At3g23100 double strand break repair protein (XRCC4) -related  29836 
At3g23340 casein kinase, putative  50349 
At3g23620 unknown protein 35705 
At3g23690 bHLH protein  40732 
At3g23990 chaperonin (CPN60/HSP60)  61242 
At3g24100 unknown protein 9380 
At3g24320 DNA mismatch repair MutS family  112561 
At3g24480 leucine-rich repeat extensin family  54668 
At3g24720 protein kinase family  33273 
At3g25220 immunophilin / FKBP-type peptidyl-prolyl cis-trans 
isomerase (FKBP15-1)  
16345 
At3g25230 peptidylprolyl isomerase (ROF1)  61414 
At3g25520 60S ribosomal protein L5 (RPL5A)  34337 
At3g25700 unknown protein 49343 
At3g25840 protein kinase -related  107922 
At3g25860 dihydrolipoamide S-acetyltransferase  50049 
At3g26020 B regulatory subunit of protein phosphatase 2A -
related  
58721 
At3g26060 peroxiredoxin -related  23663 
At3g26115 unknown protein 42300 
At3g26370 unknown protein 32507 
At3g26430 GDSL-motif lipase/hydrolase protein  42036 
At3g26650 glyceraldehyde 3-phosphate dehydrogenase A 
subunit (GapA)  
42463 
At3g26830 cytochrome P450 71B15  56025 
At3g27160 unknown protein 20899 
At3g27220 Kelch repeats protein family  48465 
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At3g27300 glucose-6-phosphate 1-dehydrogenase -related  59120 
At3g27330 zinc finger (C3HC4-type RING finger) protein family  104076 
At3g27560 protein kinase (ATN1)  40071 
At3g27570 sucrose cleavage protein -related  41585 
At3g27830 50S ribosomal protein L12-1, chloroplast precursor 
(CL12-A)  
20063 
At3g28415 P-glycoprotein, putative  133858 
At3g28730 recombination signal sequence recognition protein -
related  
71602 
At3g28956 unknown protein 15232 
At3g29400 exocyst subunit EXO70 family  75179 
At3g29710 unknown protein 75052 
At3g30170 unknown protein 110555 
At3g30390 amino acid transporter family  49485 
At3g32080 unknown protein 42274 
At3g32930 unknown protein 27415 
At3g42170 transposase -related  78764 
At3g42440 unknown protein 15721 
At3g42640 ATPase, plasma membrane-type (proton pump), 
putative  
104065 
At3g42786 disease resistance protein (CC-NBS-LRR class) -
related  
29883 
At3g43270 pectinesterase family  57599 
At3g43300 guanine nucleotide exchange protein family  187576 
At3g43670 amine oxidase -related protein  77483 
At3g43684 unknown protein 38031 
At3g44050 kinesin-related protein  138544 
At3g44096 reverse transcriptase (RNA-dependent DNA 
polymerase) family protein  
87796 
At3g44110 DnaJ protein AtJ3  46415 
At3g44640 unknown protein 43819 
At3g44750 histone deacetylase -related  26356 
At3g44850 protein kinase-related  60708 
At3g45030 40S ribosomal protein S20 (RPS20A)  13870 
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At3g45520 copia-related polyprotein  155443 
At3g45670 protein kinase-related  42307 
At3g45940 glycosyl hydrolase family 31  97388 
At3g45970 expansin protein family (EXPL1)  28683 
At3g46100 histidyl-tRNA synthetase  54525 
At3g46220 unknown protein 58556 
At3g46450 SEC14 cytosolic factor, putative  55352 
At3g46520 actin 12  41768 
At3g46560 small zinc finger-related protein TIM9  10708 
At3g47000 glycosyl hydrolase family 3  66267 
At3g47010 glycosyl hydrolase family 3  66224 
At3g47040 glycosyl hydrolase family 3  69605 
At3g47370 40S ribosomal protein S20 (RPS20B)  13684 
At3g47400 pectinesterase family  65446 
At3g47800 aldose 1-epimerase family  39689 
At3g48390 MA3 domain-containing protein  70707 
At3g48500 unknown protein 65506 
At3g48580 xyloglucan endotransglycosylase, putative  31919 
At3g48710 unknown protein 52036 
At3g48750 cell division control protein 2 homolog A (CDC2A)  34009 
At3g48970 copper-binding protein family  15742 
At3g49000 RNA polymerase III subunit - like protein  59299 
At3g49020 F-box protein family  51387 
At3g49040 F-box protein family  48278 
At3g49100 signal recognition particle subunit 9 - like  12015 
At3g49220 pectinesterase family  65266 
At3g49290 unknown protein 35755 
At3g49470 alpha NAC-related protein  23698 
At3g49850 MYB -related protein  32227 
At3g50000 casein kinase II alpha chain 2  47202 
At3g50100 exonuclease protein family  45962 
At3g50590 transducin / WD-40 repeat protein family  175332 
At3g50670 U1 small nuclear ribonucleoprotein 70 (U1-70k)  50358 
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At3g50720 protein kinase, putative  43076 
At3g50730 protein kinase, putative  42301 
At3g51120 unknown protein 135583 
At3g51190 60S ribosomal protein L8 (RPL8B)  28014 
At3g51800 nuclear DNA-binding protein G2p -related  42952 
At3g51840 acyl-coA dehydrogenase  47526 
At3g51880 high mobility group protein 2-related  20253 
At3g51890 Clathrin light chain protein 27006 
At3g52050 unknown protein 42249 
At3g52090 DNA-directed RNA polymerase II 13.6K chain  13555 
At3g52140 tetratricopeptide repeat (TPR)-containing protein  148782 
At3g52200 dihydrolipoamide S-acetyltransferase (LTA3) nuclear 
gene encoding mitochondrial protein  
68820 
At3g52500 unknown protein 50973 
At3g52920 unknown protein 20971 
At3g53020 60S ribosomal protein L24 (RPL24B)  18620 
At3g53230 CDC48 - like protein  90284 
At3g53400 unknown protein 52231 
At3g53580 diaminopimelate epimerase - like protein  38959 
At3g53960 transporter-related protein  68727 
At3g54090 pfkB type carbohydrate kinase protein family  53747 
At3g54400 nucleoid DNA-binding - like protein  45446 
At3g54560 histone H2A.F/Z  14532 
At3g54670 structural maintenance of chromosomes (SMC) - like 
protein  
145337 
At3g54930 protein phosphatase 2A regulatory subunit B-related 
protein  
57508 
At3g55050 protein phosphatase 2C - like protein  42824 
At3g55070 unknown protein 47812 
At3g55080 SET-domain transcriptional regulator family  55080 
At3g55260 glycosyl hydrolase family 20  61191 
At3g55410 2-oxoglutarate dehydrogenase, E1 subunit - like 
protein  
115091 
At3g55430 glycosyl hydrolase family 17 (beta-1,3-glucanase)  48412 
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At3g55500 expansin, putative (EXP16)  28144 
At3g55520 FKBP-type peptidyl-prolyl cis-trans isomerase 20336 
At3g56090 unknown protein 28819 
At3g56150 PROBABLE EUKARYOTIC TRANSLATION 
INITIATION FACTOR 3 SUBUNIT 8  
102884 
At3g56190 alpha-soluble NSF attachment protein  32734 
At3g56700 unknown protein 59197 
At3g57150 pseudouridine synthase (NAP57) -related  62987 
At3g57170 unknown protein 76542 
At3g57290 translation initiation factor 3 -related protein  51717 
At3g57660 DNA-directed RNA polymerase I 190K chain - like 
protein  
187457 
At3g58110 unknown protein 90095 
At3g58590 unknown protein 82635 
At3g58660 unknown protein 49939 
At3g58700 60S ribosomal protein L11 (RPL11B)  20848 
At3g58760 unknown protein 53987 
At3g59410 protein kinase like  140234 
At3g59990 methionine aminopeptidase 2 -related  49029 
At3g60000 unknown protein 50096 
At3g60140 glycosyl hydrolase family 1, beta-glucosidase  66878 
At3g60320 bZIP protein  89923 
At3g60730 pectinesterase family  57841 
At3g61480 unknown protein 122577 
At3g61530 3-methyl-2-oxobutanoate hydroxy-methyl-
transferase-related protein  
37340 
At3g61650 tubulin gamma-1 chain (gamma-1 tubulin/TUBG1)  53213 
At3g61720 C2 domain-containing protein  90710 
At3g61800 unknown protein 75938 
At3g62120 multifunctional aminoacyl-tRNA ligase-related 
protein  
60717 
At3g62330 unknown protein 55927 
At3g62870 60S ribosomal protein L7A (RPL7aB)  29016 
At3g63140 mRNA binding protein precursor - like  43903 
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At3g63400 cyclophylin -related protein  63502 
At4g00315 F-box protein family  50918 
At4g00700 C2 domain-containing protein  114606 
At4g00930 unknown protein 105109 
At4g00990 protein (fragment) -related  52033 
At4g01130 acetylesterase, putative  41986 
At4g01180 unknown protein 65423 
At4g01560 unknown protein 39823 
At4g01700 glycosyl hydrolase family 19 (chitinase)  31445 
At4g01790 ribosomal protein L7Ae family  18848 
At4g01995 unknown protein 28618 
At4g02230 60S ribosomal protein L19 (RPL19C)  24186 
At4g02290 glycosyl hydrolase family 9  57265 
At4g02300 pectinesterase family  59786 
At4g02320 pectinesterase family  57858 
At4g02660 unknown protein 387301 
At4g02840 small nuclear ribo protein Sm-D1-related protein  12742 
At4g02950 ubiquitin family  35871 
At4g02990 unknown protein 61510 
At4g03190 F-box protein GRR1-like protein 1, AtFBL18  65606 
At4g03740 unknown protein 40255 
At4g03880 transposon protein -related  60998 
At4g04280 transposon protein -related  126289 
At4g04380 polyprotein -related  89947 
At4g04520 transposon protein -related  66173 
At4g04770 ABC transporter -related  61829 
At4g05400 copper ion binding protein 27610 
At4g05410 transducin / WD-40 repeat protein family  56484 
At4g05530 short-chain dehydrogenase/reductase family protein  26748 
At4g06603 predicted protein  87833 
At4g07330 unknown protein 37543 
At4g07410 transducin / WD-40 repeat protein famil  90213 
At4g07458 Athila retroelement ORF1 protein -related  67172 
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At4g07950 DNA-directed RNA polymerase subunit -related  12245 
At4g08020 transposon protein -related  52738 
At4g08310 unknown protein 56202 
At4g08760 unknown protein 58853 
At4g08874 unknown protein 16294 
At4g08950 phi-1 phosphate-induced protein -related  33578 
At4g09400 hypothetical protein common family  59862 
At4g09710 reverse transcriptase (RNA-dependent DNA 
polymerase), putative  
140462 
At4g09920 F-box protein family  36554 
At4g10010 protein kinase -related  52875 
At4g10120 sucrose-phosphate synthase, putative  122612 
At4g10320 isoleucine-tRNA ligase - like protein  135399 
At4g10410 unknown protein 30316 
At4g10460 retrotransposon -related  139962 
At4g10480 alpha NAC -related  23157 
At4g10710 transcriptional regulator -related  120511 
At4g10750 aldolase -related  38380 
At4g11060 unknown protein 22224 
At4g11175 translation initiation factor IF-1 -related  15723 
At4g11375 polyprotein -related  153711 
At4g11380 beta-adaptin, putative  99309 
At4g11420 initiation factor 3a  114229 
At4g11490 serine/threonine kinase-related protein  71647 
At4g11560 unknown protein 66417 
At4g11830 phospholipase D-gamma, putative  92337 
At4g11840 phospholipase D-gamma, putative  97420 
At4g11850 phospholipase D-gamma, putative  95527 
At4g12590 unknown protein 27896 
At4g12600 ribosomal protein L7Ae family  13990 
At4g12610 unknown protein 72299 
At4g13010 oxidoreductase, zinc-binding dehydrogenase family  34414 
At4g13340 leucine-rich repeat extensin family  82194 
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At4g13780 methionyl-tRNA synthetase - like protein  89796 
At4g13990 unknown protein 56366 
At4g14340 casein kinase I (CKI1)  51921 
At4g14360 dehydration-induced protein-related  69192 
At4g14430 enoyl-CoA hydratase/isomerase family  25757 
At4g14510 unknown protein 105032 
At4g15000 60S ribosomal protein L27 (RPL27C)  15598 
At4g15060 F-box protein family  66345 
At4g15770 unknown protein 10303 
At4g15980 pectinesterase family  78523 
At4g16030 probable ribosomal protein  12056 
At4g16155 dihydrolipoamide dehydrogenase 2, plastidic 
(lipoamide dehydrogenase 2) (ptlpd2)  
60107 
At4g16600 glycogenin glucosyltransferase (glycogenin) - related  50653 
At4g16630 DEAD/DEAH box helicase, putative  89300 
At4g16660 heat shock protein hsp70, putative  96665 
At4g16750 transcription factor TINY, putative  19897 
At4g16765 oxidoreductase, 2OG-Fe(II) oxygenase family  27729 
At4g17260 L-lactate dehydrogenase (LDH), putative  37927 
At4g17360 formyltetrahydrofolate deformylase, putative  37238 
At4g17730 syntaxin of plants SYP23  28587 
At4g18330 translation initiation factor eIF-2 gamma chain-
related protein  
31059 
At4g18520 pentatricopeptide (PPR) repeat-containing protein  65418 
At4g18540 unknown protein 57486 
At4g18950 protein kinase - like protein  52585 
At4g19110 protein kinase, putative  52186 
At4g19150 ankyrin-related protein  25509 
At4g19710 aspartate kinase/homoserine dehydrogenase (ak-
hsdh) bifunctional enzyme, putative  
100187 
At4g20120 unknown protein 33956 
At4g20130 unknown protein 23154 
At4g20260 endomembrane-associated protein  24569 
At4g20400 unknown protein 108087 
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At4g20830 FAD-linked oxidoreductase family  63519 
At4g20840 FAD-linked oxidoreductase family  60106 
At4g20980 translation initiation factor eIF3 - like protein  66683 
At4g21280 oxygen-evolving complex protein 16, chloroplast 
precursor (OEC16)  
23781 
At4g21450 VAMP (vesicle-associated membrane protein)-
associated protein family  
32944 
At4g21585 unknown protein 34182 
At4g21660 spliceosome associated protein - like  66792 
At4g21710 DNA-directed RNA polymerase (EC 2.7.7.6) II 
second largest chain  
134933 
At4g22010 pectinesterase (pectin methylesterase), putative  60418 
At4g22050 aspartic proteinase like protein  39205 
At4g23230 unknown protein 56427 
At4g23290 serine/threonine kinase - like protein  76810 
At4g23460 beta-adaptin, putative  99035 
At4g23500 polygalacturonase, putative  54656 
At4g23820 polygalacturonase, putative  48605 
At4g24080 unknown protein 26024 
At4g24190 shepherd (SHD)  94146 
At4g24270 RNA recognition motif (RRM)-containing protein  92714 
At4g24340 unknown protein 36870 
At4g24350 unknown protein 36673 
At4g24560 ubiquitin-specific protease 16 (UBP16), putative  110531 
At4g24680 unknown protein 161982 
At4g25060 unknown protein 45799 
At4g25210 unknown protein 40250 
At4g25340 immunophilin / FKBP-type peptidyl-prolyl cis-trans 
isomerase -related  
52191 
At4g25390 protein kinase family  72195 
At4g25500 arginine/serine-rich splicing factor RSp40  40295 
At4g25550 unknown protein 22815 
At4g25630 fibrillarin 2 (AtFib2)  33632 
At4g25900 aldose 1-epimerase family  36229 
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At4g26100 casein kinase, putative  50915 
At4g26110 nucleosome assembly protein I-related protein  42971 
At4g26140 glycosyl hydrolase family 35 (beta-galactosidase)  81481 
At4g26190 unknown protein 118477 
At4g26340 F-box protein family  47270 
At4g26600 unknown protein 75496 
At4g26630 unknown protein 85198 
At4g26870 aspartate-tRNA ligase (aspartyl-tRNA synthetase), 
putative  
60295 
At4g26910 dihydrolipoamide succinyltransferase -related  49957 
At4g27090 60S ribosomal protein L14 (RPL14B)  15496 
At4g27680 unknown protein 44174 
At4g27830 glycosyl hydrolase family 1  57042 
At4g28080 unknown protein 181918 
At4g28090 pectinesterase (pectin methylesterase), putative  62212 
At4g28480 heat shock protein, putative  38167 
At4g28540 casein kinase, putative  53992 
At4g28650 leucine-rich repeat transmembrane protein kinase, 
putative  
110408 
At4g28860 casein kinase, putative  46680 
At4g28880 casein kinase I, putative  46862 
At4g29010 abnormal inflorescence meristem 1 (fatty acid 
multifunctional protein) (AIM1)  
77809 
At4g29440 unknown protein 119218 
At4g29480 unknown protein 13931 
At4g29510 protein arginine N-methyltransferase, putative  43865 
At4g29830 transducin / WD-40 repeat protein family  34238 
At4g30090 unknown protein 35892 
At4g30150 unknown protein 224450 
At4g30690 unknown protein 31804 
At4g30825 pentatricopeptide (PPR) repeat-containing protein  103242 
At4g31180 aspartyl-tRNA synthetase (aspartate--tRNA ligase), 
putative  
62878 
At4g31210 DNA topoisomerase I -related  130044 
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At4g31580 splicing factor SRZ_22  22444 
At4g31810 3-hydroxyisobutyryl-coenzyme A hydrolase thioester  45471 
At4g31880 unknown protein 94152 
At4g32040 homeodomain containing protein 1  43257 
At4g32070 octicosapeptide/Phox/Bem1p (PB1) domain-
/tetratricopeptide repeat (TPR)-containing protein  
91197 
At4g32285 ENTH/ANTH/VHS superfamily protein 70510 
At4g32350 Regulator of Vps4 activity in the MVB pathway 83923 
At4g32460 unknown protein 39793 
At4g32610 unknown protein 61524 
At4g32760 unknown protein 92712 
At4g32830 protein kinase, putative  33951 
At4g33110 unknown protein 41202 
At4g33220 pectinesterase family  45314 
At4g33230 pectinesterase family  67700 
At4g33370 DEAD-box protein abstrakt, putative  60219 
At4g33480 unknown protein 36605 
At4g33495 unknown protein 48256 
At4g34370 ARABIDOPSIS ARIADNE 1 68745 
At4g34430 Member of a small family of SWI3-like genes 107730 
At4g34450 coatomer gamma-2 subunit (gamma-2 coat 
protein/gamma-2 COP), putative  
92506 
At4g34555 40S ribosomal protein S25, putative  12011 
At4g34560 unknown protein 25268 
At4g34660 SH3 domain-containing protein 2  40900 
At4g34680 GATA transcription factor 3  30449 
At4g35500 protein kinase family  49275 
At4g35570 HMG delta protein  14194 
At4g35630 phosphoserine aminotransferase  47329 
At4g35730 unknown protein 48248 
At4g35800 DNA-directed RNA polymerase (EC 2.7.7.6) II 
largest chain  
204560 





AGI code Gene Description Mass (Da) 
At4g36350 calcineurin-like phosphoesterase family  52936 
At4g36690 splicing factor U2AF 65 kDa subunit, putative  63512 
At4g36730 G-box-binding factor 1  33654 
At4g37280 MRG family protein 36361 
At4g37930 glycine hydroxymethyltransferase like protein  57364 
At4g38210 expansin, putative (EXP20)  27839 
At4g38420 pectinesterase (pectin methylesterase), putative  62452 
At4g38780 splicing factor - like protein  273903 
At4g38870 F-box protein family  48306 
At4g38900 bZIP protein  60376 
At4g39150 DnaJ protein family  38438 
At4g39200 40S ribosomal protein S25 (RPS25E)  12046 
At4g39640 gamma-glutamyltransferase -related  61151 
At4g40000 proliferating-cell nucleolar antigen - like protein  84754 
At5g01090 lectin - like protein  38828 
At5g01280 unknown protein 48871 
At5g01380 transcription factor GT-3a  38249 
At5g01770 transducin / WD-40 repeat protein family  149486 
At5g01850 protein kinase, putative  37565 
At5g02260 expansin, putative (EXP9)  27732 
At5g02490 heat shock protein hsc70-2 (hsc70.2) (hsp70-2)  71342 
At5g02870 60S ribosomal protein L4/L1 (RPL4D)  44694 
At5g03380 heavy-metal-associated domain-containing protein  42236 
At5g03435 C2 domain-containing protein  84988 
At5g03740 histone deacetylase -related protein  31098 
At5g04130 DNA topoisomerase  81003 
At5g04850 unknown protein 26222 
At5g04885 glycosyl hydrolase family 3 -related  72257 
At5g05210 unknown protein 45115 
At5g05450 DEAD/DEAH box helicase, putative  66897 
At5g05470 eukaryotic translation initiation factor 2 alpha 
subunit-related protein  
38776 
At5g05690 cytochrome p450 90A1  53751 
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At5g05880 UDP-glycosyltransferase family  51594 
At5g06110 cell division protein - related  75587 
At5g06670 kinesin-related protein  110650 
At5g07030 nucleoid DNA-binding-related protein  46889 
At5g07350 unknown protein 108168 
At5g08420 rev interacting protein mis3 - like  45295 
At5g08470 unknown protein 123767 
At5g08620 DEAD box RNA helicase (RH25)  62456 
At5g09440 unknown protein 29455 
At5g09860 unknown protein 68291 
At5g09880 RNA recognition motif (RRM)-containing protein  59344 
At5g10100 trehalose-6-phosphate phosphatase, putative  41948 
At5g10160 beta-hydroxyacyl-ACP dehydratase family  24108 
At5g10270 Cyclin-dependent kinase C;1  56694 
At5g10360 40S ribosomal protein S6 (RPS6B)  28144 
At5g10630 elongation factor 1-alpha (EF-1-alpha), putative  72253 
At5g10700 unknown protein 22581 
At5g10910 unknown protein 48589 
At5g10920 argininosuccinate lyase (AtArgH)  57476 
At5g10950 unknown protein 43594 
At5g11110 sucrose-phosphate synthase, putative  99494 
At5g11240 transducin / WD-40 repeat protein family  66842 
At5g11260 bZIP protein HY5  18452 
At5g11420 unknown protein 39615 
At5g11650 hydrolase, alpha/beta fold family  43246 
At5g11900 unknown protein 21577 
At5g12190 RNA recognition motif (RRM)-containing protein  14373 
At5g12250 tubulin beta-6 chain (TUB6)  50553 
At5g12410 unknown protein 41914 
At5g12940 leucine rich repeat protein family  39927 
At5g13450 delta subunit of mitochondrial F1-ATPase  26305 
At5g13475 reverse transcriptase (RNA-dependent DNA 




AGI code Gene Description Mass (Da) 
At5g13850 unknown protein 17876 
At5g14280 unknown protein 64089 
At5g14440 unknown protein 33290 
At5g14460 tRNA synthase - like protein  61436 
At5g14600 unknown protein 35419 
At5g14620 cytosine methyltransferase (DRM2)  70386 
At5g14660 peptide deformylase  30591 
At5g14780 formate dehydrogenase (FDH)  42383 
At5g15550 transducin / WD-40 repeat protein family  47309 
At5g15610 unknown protein 49736 
At5g15700 DNA-directed RNA polymerase (mitochondrial)  114448 
At5g15750 ribosomal protein S4/S9 related  21753 
At5g15810 N2,N2-dimethylguanine tRNA methyltransferase-
related protein  
76951 
At5g16070 chaperonin, putative  58891 
At5g16230 stearoyl-acyl-carrier-protein desaturase family 
protein 
45831 
At5g16240 stearoyl-acyl-carrier-protein desaturase family 
protein 
44990 
At5g16390 biotin carboxyl carrier protein 1 (BCCP1)  29594 
At5g16470 zinc finger (C2H2 type) protein family  11232 
At5g16780 unknown protein 94086 
At5g17440 unknown protein 47199 
At5g17725 reverse transcriptase (RNA-dependent DNA 
polymerase) family protein  
82037 
At5g17820 peroxidase, putative  34076 
At5g18230 unknown protein 92895 
At5g18620 DNA-dependent ATPase, putative  123811 
At5g19300 unknown protein 49583 
At5g19390 unknown protein 96069 
At5g19530 spermine synthase (ACL5)  38522 
At5g19990 26S proteasome AAA-ATPase subunit RPT6a  47218 
At5g20010 GTP-binding nuclear protein (RAN-1)  25260 
At5g20280 sucrose-phosphate synthase, putative  117247 
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At5g20470 myosin-related protein  63475 
At5g20910 zinc finger (C3HC4-type RING finger) protein family  34785 
At5g20920 translation initiation factor eIF-2 beta chain - like 
protein  
30644 
At5g20940 glycosyl hydrolase family 3  67607 
At5g20950 glycosyl hydrolase family 3  67883 
At5g20960 aldehyde oxidase 1 (AO1)  149459 
At5g21105 L-ascorbate oxidase, putative  63846 
At5g21140 unknown protein 35000 
At5g21326 NAF specific protein kinase family  51162 
At5g22010 replication factor C large subunit-related  104314 
At5g22060 DnaJ protein, putative  46409 
At5g22100 Probable RNA 3~-terminal phosphate cyclase-
related protein.  
40849 
At5g22320 leucine rich repeat protein family  50506 
At5g22620 unknown protein 53081 
At5g22650 histone deacetylase-related protein  32329 
At5g22840 protein kinase family  61138 
At5g23150 PWWP domain protein  150986 
At5g23300 dihydroorotate dehydrogenase precursor 
(dihydroorotate oxidase) (sp|P32746)  
48516 
At5g23590 DnaJ protein family  33470 
At5g23600 unknown protein 24041 
At5g24230 unknown protein 41519 
At5g24314 unknown protein 18720 
At5g24330 unknown protein 39615 
At5g24490 unknown protein 34835 
At5g24550 glycosyl hydrolase family 1  61645 
At5g24630 unknown protein 58299 
At5g24710 unknown protein 142212 
At5g24840 methyltransferase-related protein  28800 
At5g24850 DNA photolyase - like protein  60340 
At5g25060 RNA recognition motif (RRM)-containing protein  108219 
At5g25360 unknown protein 19118 
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At5g25460 unknown protein 39953 
At5g25510 AtBgamma - like protein  56385 
At5g25754 unknown protein 60144 
At5g25780 eukaryotic translation initiation factor 3b 
(eIF3b/PRT1), putative  
82125 
At5g26360 chaperonin, putative  60301 
At5g26570 unknown protein 129943 
At5g26710 glutamate-tRNA ligase (glutamyl-tRNA synthetase) 
(GluRS), putative  
81013 
At5g26780 glycine hydroxymethyltransferase - like protein  59092 
At5g27120 SAR DNA-binding protein, putative  58719 
At5g27230 unknown protein 106507 
At5g27620 cyclin family  38106 
At5g27640 eukaryotic translation initiation factor 3 subunit 9 
(eIF-3 eta / eIF3 p110 / eIF3b)  
81824 
At5g27650 PWWP domain protein  118023 
At5g27870 pectinesterase family  78427 
At5g28040 unknown protein 46877 
At5g28540 luminal binding protein 1 precursor (BiP-1) (AtBP1)  73584 
At5g28740 unknown protein 106984 
At5g28920 unknown protein 46413 
At5g31945 unknown protein 96838 
At5g32486 Athila ORF 1  38630 
At5g32510 unknown protein 12465 
At5g35070 unknown protein 38447 
At5g35200 unknown protein 61141 
At5g35230 unknown protein 40610 
At5g35570 axi 1 (auxin-independent growth promoter)-related 
protein  
72864 
At5g35753 DnaJ protein-related  67132 
At5g35794 unknown protein 74544 
At5g35970 DNA helicase-related  104981 
At5g36890 glycosyl hydrolase family 1  56042 
At5g37190 (CIP4) COP1-interacting protein 4, complete cds  95324 
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At5g37260 myb family transcription factor  32416 
At5g37475 unknown protein 25153 
At5g37630 chromosome condensation protein -related  116678 
At5g38150 unknown protein 66061 
At5g38540 jacalin lectin family  55406 
At5g38550 jacalin lectin family  66397 
At5g38640 unknown protein 69452 
At5g38720 unknown protein 35337 
At5g38830 cysteine-tRNA ligase -related protein  57805 
At5g39420 cdc2-related protein  72380 
At5g40010 AAA-type ATPase family  60310 
At5g40200 DegP protease  65112 
At5g40340 PWWP domain protein  114170 
At5g40760 glucose-6-phosphate dehydrogenase  59079 
At5g40880 zfwd3 protein  51265 
At5g41100 unknown protein 64460 
At5g41120 esterase/lipase/thioesterase family  77331 
At5g41130 esterase/lipase/thioesterase family  79501 
At5g41140 unknown protein 113065 
At5g41310 kinesin-related protein  108048 
At5g41770 cell cycle control crn (crooked neck) protein-related  84475 
At5g41790 myosin heavy chain-related protein  149870 
At5g41850 unknown protein 24483 
At5g42260 glycosyl hydrolase family 1  56930 
At5g42330 unknown protein 19866 
At5g42400 SET-domain transcriptional regulator family  158563 
At5g42540 5'->3' exoribonuclease 2  116312 
At5g42570 unknown protein 24549 
At5g42610 unknown protein 34238 
At5g43250 transcription factor Hap5a, putative  14663 
At5g43280 enoyl-CoA hydratase/isomerase family  29901 
At5g43320 casein kinase I, putative  54407 
At5g43440 2-oxoglutarate-dependent dioxygenase, putative  40834 
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At5g43470 disease resistance protein (CC-NBS-LRR class), 
putative  
104615 
At5g43560 unknown protein 117377 
At5g43900 myosin heavy chain MYA2  169823 
At5g44316 ABC transporter -related  53053 
At5g44340 tubulin beta-4 chain (TUB4)  49791 
At5g44380 FAD-linked oxidoreductase family  60578 
At5g44390 FAD-linked oxidoreductase family  61444 
At5g44400 FAD-linked oxidoreductase family  60306 
At5g44500 small nuclear ribonucleoprotein, putative (snRNP)  26982 
At5g44610 unknown protein 18538 
At5g45000 disease resistance protein (TIR class), putative  42994 
At5g45113 unknown protein 48210 
At5g45140 DNA-directed RNA polymerase subunit  131635 
At5g45160 GTP-binding protein-related; root hair defective 3 
protein-like  
93511 
At5g45190 cyclin family  65147 
At5g45280 pectinacetylesterase, putative  41982 
At5g45470 unknown protein 100124 
At5g45990 CRN (crooked neck) protein  80845 
At5g46280 DNA replication licensing factor, putative  86303 
At5g46330 leucine-rich repeat transmembrane protein kinase, 
putative  
128743 
At5g46420 unknown protein 39750 
At5g46470 disease resistance protein (TIR-NBS-LRR class), 
putative  
131608 
At5g46630 AP47/50p (gb|AAB88283.1)  49291 
At5g46860 syntaxin of plants SYP22 (VAM3p)  29463 
At5g47360 pentatricopeptide (PPR) repeat-containing protein  53749 
At5g47390 Myb-related transcription activator-like  39646 
At5g47435 formyltetrahydrofolate deformylase, putative  36429 
At5g47680 unknown protein 39481 
At5g47690 unknown protein 185001 
At5g48240 unknown protein 37679 
99 
 
AGI code Gene Description Mass (Da) 
At5g48370 thioesterase family  49405 
At5g48540 33 kDa secretory protein-related  28977 
At5g48570 peptidylprolyl isomerase  65182 
At5g48580 immunophilin / FKBP-type peptidyl-prolyl cis-trans 
isomerase, putative  
17647 
At5g48620 disease resistance protein (CC-NBS-LRR class), 
putative  
104382 
At5g48860 unknown protein 20187 
At5g49690 UDP-glycosyltransferase family  51924 
At5g49930 unknown protein 121355 
At5g49960 unknown protein 92178 
At5g50180 protein kinase, putative  38944 
At5g50280 pentatricopeptide (PPR) repeat-containing protein  82120 
At5g50310 Kelch repeats protein family  76095 
At5g50610 unknown protein 21369 
At5g50850 pyruvate dehydrogenase E1 component beta 
subunit, mitochondrial precursor (PDHE1-B) (sp 
Q38799)  
39151 
At5g50860 cyclin-dependent protein kinase-related  64247 
At5g51100 iron superoxide dismutase, putative  34642 
At5g51130 unknown protein 36575 
At5g51280 DEAD-box protein abstrakt, putative  65764 
At5g51490 pectinesterase family  58830 
At5g51500 pectinesterase family  59610 
At5g51660 cleavage and polyadenylation specificity factor 
subunit  
157976 
At5g51890 peroxidase -related  35537 
At5g52330 unknown protein 46744 
At5g52470 fibrillarin 1 (Fib1) (SKIP7)  32809 
At5g52490 fibrillarin, putative  31686 
At5g52650 40S ribosomal protein S10 (RPS10C)  19539 
At5g53370 pectinesterase family  64201 
At5g53400 unknown protein 34485 
At5g53440 unknown protein 133279 
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At5g54110 VAMP (vesicle-associated membrane protein)-
associated protein family  
30236 
At5g54570 glycosyl hydrolase family 1  60353 
At5g54940 translation initiation factor-related protein  12710 
At5g55070 2-oxoglutarate dehydrogenase E2 subunit  50102 
At5g55260 serine/threonine protein phosphatase  34703 
At5g55300 DNA topoisomerase I (sp P30181)  102735 
At5g55310 DNA topoisomerase I  102990 
At5g55660 unknown protein 87155 
At5g55920 nucleolar protein-related  76729 
At5g56570 unknown protein 50424 
At5g56720 malate dehydrogenase, cytosolic, putative  36847 
At5g56870 glycosyl hydrolase family 35 (beta-galactosidase)  80539 
At5g56950 nucleosome assembly protein  43267 
At5g57015 casein kinase, putative  49370 
At5g57020 N-myristoyl transferase  49767 
At5g57120 unknown protein 37559 
At5g57160 DNA ligase IV  137765 
At5g57400 unknown protein 15529 
At5g57460 unknown protein 70468 
At5g57870 eukaryotic initiation factor 4 (eIF4), putative  85518 
At5g57980 eukaryotic rpb5 RNA polymerase subunit family  24328 
At5g58000 unknown protein 114410 
At5g58060 ATGP1  22529 
At5g58510 unknown protein 108835 
At5g58540 unknown protein 33957 
At5g58710 cyclophilin ROC7  21947 
At5g58720 PRL1 associated protein -related  56619 
At5g58760 transducin / WD-40 repeat protein family  64707 
At5g60030 KED - like protein  34135 
At5g60040 DNA-directed RNA polymerase - like protein  147358 
At5g60090 protein kinase family  44953 
At5g60160 aspartyl aminopeptidase - like protein  52392 
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At5g60280 receptor like protein kinase  72342 
At5g60980 NTF2-containing RNA-binding protein, putative  49514 
At5g61240 leucine rich repeat protein family  42924 
At5g61400 pentatricopeptide (PPR) repeat-containing protein  74391 
At5g61770 Peter Pan - like protein  38946 
At5g61780 100 kDa coactivator - like protein  107675 
At5g61970 signal recognition particle - related  68790 
At5g62350 pectinesterase family  22165 
At5g63120 ethylene-responsive DEAD box RNA helicase,  53061 
At5g63140 calcineurin-like phosphoesterase family  43520 
At5g63420 hydrolase family  58143 
At5g63430 unknown protein 36564 
At5g63550 unknown protein 59520 
At5g63570 glutamate-1-semialdehyde 2,1-aminomutase 1  50337 
At5g63610 protein kinase, putative  52764 
At5g63640 unknown protein 49392 
At5g63810 glycosyl hydrolase family 35 (beta-galactosidase)  83048 
At5g63870 ser/thr protein phosphatase catalytic subunit  46589 
At5g64050 glutamate-tRNA ligase (glutamyl-tRNA synthetase)  63426 
At5g64100 peroxidase, putative  35657 
At5g64260 phi-1-related protein  32654 
At5g64270 splicing factor, putative  141361 
At5g64660 unknown protein 46738 
At5g64960 Cyclin-dependent kinase C;2  57093 
At5g64970 mitochondrial carrier protein family  46788 
At5g65470 unknown protein 57032 
At5g65750 2-oxoglutarate dehydrogenase, E1 component  116326 
At5g65930 kinesin-like calmodulin-binding protein  143230 
At5g66420 unknown protein 69989 
At5g66470 GTP-binding protein-related  48900 
At5g66710 protein kinase, putative  45983 
At5g67240 exonuclease protein family  83185 
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